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Introduction 


Advanced BiCMOS Technology—ABTC 


National Semiconductor has gone beyond conventional logic 
with its new ABTC BiCMOS family. Speeds on octal devices 
are 20% faster than ABT logic (1.0 ns faster) combined with 
value-added specifications and guaranteed live insertion pro- 
tection. 
ABTC offers higher performance for manufacturers of high- 
end computing: 
¢ Faster speed (3.6 ns max. on the ABT245C) 
© Propagation delays specified with 1 to 8 multiple outputs 
switching and 50 pF to 250 pF capacitive loads 
e Low static and dynamic power consumption 
¢ Tight skew to squeeze even more out of the designer’s 
timing budget 
ABTC provides increased up-time for manufacturers of tele- 
communications systems: 
¢ Guaranteed high impedance through the entire power- 
up/power-down cycle 
e ABTC eliminates bus disruption during live board inser- 
tion 
© Power up/down TRI-STATE® to prevent loading of the 
bus during power down : 
® Low noise Voip < 0.8V (ABT244C) » 


In addition, ABTC proprietary circuitry provides faster disable 


times than enable times—an automatic way to avoid bus 
contention. ABTC guarantees are specified in an easy-to- 
read table. Given lower margin of performance error, a sys- 
tem can be pushed to even higher levels by using ABTC’s 
extended AC specifications. 

Octal devices are available in 20- and 24-lead SOIC JEDEC, 
20-lead SOIC EIAJ, and 20- and 24-lead fine-pitch SSOP 
Type Il. The 16-bit devices are available in 48- and 56-lead 
SSOP, which are pin compatible with Tl Widebus™ devices. 


Integrated Bus Function (IBF) 


National’s IBF products are an extension of today’s logic 
products targeted at areas where integration optimizes sys- 
tem performance. National sees market opportunities for 
these products in the areas of computing (from laptops 
through parallel processing), local area networking, and tele- 
communications. 


The current offerings target two specific areas: bus-to-bus 
communication and CPU to memory datapath communica- 
tion. Bus-to-bus communication features include byte-swap- 
ping to facilitate system design in areas such as big endian- 
little endian. CPU to memory datapath communication solu- 
tions include a synchronous datapath multiplexer targeted at 
memory interleaving with additional potential applications in 
parallel processing. The products have been developed on 
various technologies within National including FACT Quiet 
Series™ with the additional feature of TTL I/O, the recently 
released ABTC 1.0% BiCMOS technology, and National’s 
FASTr™ technology. 
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Introduction 


BiCMOS Technology—BCT 

National’s BCT provides a balanced solution be- 
tween CMOS and Bipolar circuit features, offering 
low noise, FAST-like speeds, high drive 64 mA out- 
puts, and the low static power of CMOS. Based on 


‘two well-known reliable processes, FAST® and 


FACTT™, BCT combines the favorable properties 
and high quality from both families. 


BCT allows designers to optimize system perform- 
ance, providing the designer with the ideal speed/ 
power/noise solution for high performance bus and 
clock distribution applications in personal/desktop 
computers, PC LAN servers, PC peripherals, work- 
stations, telecommunication switches/multiplexers, 
fiber optic equipment, and automatic test equipment 
(ATE). 

There are currently 20 BCT products available in- 
cluding buffers, drivers, and transceivers. National 
BCT parts are pin and functionally compatible to TI’s 
SN74BCTxxx parts. 


Product Status Definition 

Alphanumeric Index 

Section1 ABTC Description and Family | 
Characteristics 

Basic information on ABTC performance, design and 

process characteristics 


Section2 ABTC Ratings, Specifications, and 
Waveforms 


Contains common ratings and specifications for 


. ABTC devices as weil as extended AC specifications 


and waveforms. 


Section3 Quality and Reliability 


ABTC Applications and Design 


Section 4 
Considerations 


Section5 ABTC Datasheets 


Section6 Integrated Bus Function (IBF) 


Section 7 — BCT Description and Family 


Characteristics 
Basic information on BCT performance including 
technologies. 


Section8 BCT Ratings, Specifications, and 
Waveforms 

Contains common ratings and specifications for BCT 
devices as well as extended AC specifications, 


waveforms, and test philosophies. 


Section9 BCT Process Characteristics ....9-1 


Brief overview of device process description and 
characteristics. 


Section 10 BCT Datasheets 


Section 11 Ordering information and Package 
Dimensions 
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Product Status Definitions 


Definition of Terms 


Data Sheet Identification Product Status Definition 
Advance Information Formative or This data sheet contains the design specifications for product 
: In Design development. Specifications may change in any manner without notice. 
Preliminary - - ; | First This data sheet contains preliminary data, and supplementary data will 
Production be published at a later date. National Semiconductor Corporation 


reserves the right to make changes at any time without notice in order 
to improve design and supply the best possible product. 


No = 7) Full This data sheet contains final specifications. National Semiconductor 
Identification —_> Production Corporation reserves the right to make changes at any time without 
Noted  _—/ _| notice in order to improve design and supply the best possible product. 


Obsolete oe Not In Production | This data sheet contains specifications on a product that has been 
discontinued by National Semiconductor Corporation. The data sheet 
is printed for reference information only. 


National Semiconductor Corporation reserves the right to make changes without further noticé to any products herein to 
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product 
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others. 
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Alpha-Numeric Index 


54ABT244C Octal Buffer/Line Driver with TRI-STATE Outputs 
54ABT245C Octal Bidirectional Transceiver with TRI-STATE Outputs 
54ABT373C Octal Transparent Latch with TRI-STATE Outputs 
54ABT374C Octal D-Type Flip-Flop with TRI-STATE Outputs 
54ABT541C Octal Buffer/Line Driver with TRI-STATE Outputs 
54ABT543C Octal Latched Transceiver with TRI-STATE Outputs 
54ABT573C Octal D-Type Latch with TRI-STATE Outputs 
54ABT574C Octal D-Type Flip-Flop with TRI-STATE Outputs 
54ABT646C Octal Transceiver/Register with TRI-STATE Outputs 
54ABT652C Octal Transceiver/Register with TRI-STATE Outputs 
54ABT899 9-Bit Latchable Transceiver with Parity Generator/Checker 
54ABT2244C Octal Buffer/Line Driver with 250, Series Resistors in the Outputs 
54ABT2541C Octal Buffer/Line Driver with 252 Series Resistors in the Outputs | 
54ABT2952C 8-Bit Registered Transceiver 
54ABT16244C 16-Bit Buffer/Line Driver with TRI-STATE Outputs 
54ABT16245C 16-Bit Transceiver with TRI-STATE Outputs 
54ABT16500C 18-Bit Universal Bus Transceivers with TRI-STATE Outputs 
54ABT16652C 16-Bit Transceiver/Register with TRI-STATE Outputs 
- 54ABT162244C 16-Bit Buffer/Line Driver with 252 Series Resistors in the Outputs 
74ABT244C Octal Buffer/Line Driver with TRI-STATE Outputs 
74ABT245C Octal Bidirectional Transceiver with TRI-STATE Outputs 
74ABT373C Octal Transparent Latch with TRI-STATE Outputs 
74ABT374C Octal D-Type Flip-Flop with TRI-STATE Outputs 
74ABT541C Octal Buffer/Line Driver with TRI-STATE Outputs 
74ABT543C Octal Latched Transceiver with TRI-STATE Outputs 
74ABT573C Octal D-Type Latch with TRI-STATE Outputs 
74ABT574C Octal D-Type Flip-Flop with TRI-STATE Outputs 
74ABT646C Octal Transceiver/Register with TRI-STATE Outputs 
_74ABT652C Octal Transceiver/Register with TRI-STATE Outputs 
74ABT899 9-Bit Latchable Transceiver with Parity Generator/Checker 
74ABT2244C Octal Buffer/Line Driver with 250 Series Resistors in the Outputs 
74ABT2541C Octal Buffer/Line Driver with 2520 Series Resistors in the Outputs 
T4ABT2952C 8-Bit Registered Transceiver ......... ccc ee cee cece ee cere erent eee enee (otewene 5-103 
74ABT3284 Synchronous Datapath Multiplexer 
74ABT16244C 16-Bit Buffer/Line Driver with TRI-STATE Outputs 
74ABT16245C 16-Bit Transceiver with TRI-STATE Outputs 
74ABT16500C 18-Bit Universal Bus Transceivers with TRI-STATE Outputs 
74ABT16652C 16-Bit Transceiver/Register with TRI-STATE Outputs 
74ABT162244C 16-Bit Buffer/Line Driver with 2520 Series Resistors in the Outputs 
74BCT125 Quad Buffer with TRI-STATE Outputs 
74BCT240 Octal Buffer/Line Driver with TRI-STATE Outputs 
74BCT241 Octal Buffer/Line Driver with TRI-STATE Outputs 
74BCT244 Octal Buffer/Line Driver with TRI-STATE Outputs 
74BCT245 Octal Bidirectional Transceiver with TRI-STATE Outputs 
74BCT373 Octal Transparent Latch with TRI-STATE Outputs 
74BCT374 Octal D Flip-Flop with TRI-STATE Outputs 
74BCT541 Octal Buffer/Line Driver with TRI-STATE Outputs 
74BCT543 Octal Registered Transceiver 
’ 74BCT573 Octal D Latch with TRI-STATE Outputs 
74BCT574 Octal D Flip-Flop with TRI-STATE Outputs 
74BCT646 Octal Transceiver/Register with TRI-STATE Outputs 
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Alpha-Numeric Index (Continued) 


74BCT652 Octal Transceiver/Register with TRI-STATE Outputs 

74BCT827B 10-Bit Buffer/Line Driver with TRI-STATE Outputs 

74BCT2240 Octal Buffer/Line Driver with 259 Series Resistors in the Outputs 

74BCT2241 Octal Buffer/Line Driver with 2529 Series Resistors in the Outputs 

74BCT2244 Octal Buffer/Line Driver with 259 Series Resistors in the Outputs 

74BCT2827C 10-Bit Buffer/Line Driver with 2529 Series Resistors in the Outputs 

74BCT2828A 10-Bit Buffer/Line Driver with 2529 Series Resistors in the Outputs 

74BCT2952 8-Bit Registered Transceiver 

ACTQ3283T 32-Bit Latchable Transceiver with Parity Generator/Parity Checker and Byte 
Multiplexing with TRI-STATE Outputs 

AN-881 ABTC Design Considerations for Fault Tolerant Backplanes 

FR900 9-Bit, 3-Port Latchable Datapath Multiplexer .. .. 

FR25900 9-Bit, 3-Port Latchable Datapath Multiplexer with 25 Output Series Resistors 
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ABTC Description and 
Family Characteristics 
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Technology and Family Characteristics 
Family Comparison Chart 

ABTC Circuit and Design Architecture 
Threshold and Noise Margin 

Dynamic System Power Dissipation 
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Technology and Family Characteristics 


National has gone beyond conventional logic with its new 
ABTC BiCMOS family. Speeds that are 20% faster than 
ABT logic (1.0 ns faster) combine with value-added specifi- 
cations and guaranteed live insertion protection. 


ABTC for Computing 


e ABTC offers higher performance for manufacturers of 
high-end computing equipment 
— Faster speed (3.6 ns max on the 74ABT245C) 
— Propagation delays that are specified with 1 to 8 mul- 


tiple outputs switching and 50 pF to 250 pF capaci- 
tive load 


— Low static and dynamic power consumption 


— Tight skew to squeeze even more out of the design- 
er’s timing budget 


ABTC for Telecom 


¢ ABTC provides increased uptime for manufacturers of 
telecommunication systems 


.— Guaranteed live (hot) insertion 


— Power up/down TRI-STATE® to prevent loading of 
the bus during power down. This unique high imped- 
ance guarantee provides a glitch-free bus interface 
during the entire power-up and power-down cycle. 

~— Low power consumption 

In addition, proprietary ABTC circuitry provides for faster 
disable times than enable times—an automatic way to avoid 
bus contention. ABTC guarantees are specified in an easy- 
to-read table. Given lower margin of performance error, a 
system can be pushed to even higher levels by using 


ABTC’s extended AC specifications. ABTC products are 
socket compatible with ABT, so upgrades are easily accom- 
plished. In the critical areas of I/O levels, thresholds and 
edge rate specifications, ABTC is fully compatible with ABT. 
ABTC can be dropped into more than 80% of ABT sockets 
with no performance problems. Set-up and hold times on a 
couple of sequential ABTC functions don’t match those of 
ABT, and actually improve upon the timing. However, pru- 
dent double checking would eliminate potential problems. 


ABTC recognizes the need for advanced packaging tech- 
nology and offers both SOIC (JEDEC and EIAJ) and fine- 
pitch SSOP Type-ll for 20-lead and 24-lead devices. 


16-BIT COMPATIBILITY 


Until now, users had no alternate source on 16-bit ABT 
products, e.g., one ABT manufacturer packages its 16-bit 
products in SSOP while the other uses 44-lead PQFP. Na- 
tional has tipped the scale by putting its 16-bit ABTC prod- 
ucts in the more popular SSOP. While National’s ABTC oc- 
tal products are faster than the competition, other specifica- 
tions are compatible, making ABTC a de facto alternate 
source for competitive ABT products in SSOP. 


Family Comparison Chart 


Depending on system architecture and purpose, logic devic- 


‘es are selected to optimize system performance. National 


offers several logic families, and the comparison chart is 
provided to assist you with your selection criteria. Speed, 
power, noise, drive, etc. may weight differently in impor- 
tance depending on whether the end system requires com- 
puting speed, low standby power, low EMI to meet FCC 
regulations or must meet any one of many bus standards. 
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Technology and Family Characteristics 


Logic Family and ABTC Comparison 


Criteria 


Guaranteed . 
Speed—tp,} ns 
Guaranteed 

MOS tpLy ns 


Static Power 
loci (mA) | 


(Outputs Low) 


Guaranteed 
Dynamic Power 
Iocp (mA/MHz) 


Guaranteed 
Noise Vo_p 
(5V, 25°C) 


Dynamic Threshold 
ViLD 
Vip (5V, 25°C) 


20/24 Pin Package 
16-Bit Devices 


Capacitance — 
Cin (pF) 
Cio (PF) 


lo-/lox 
Output Drive (mA) 


ESD (Note 4) 





Significance ABT245C ACTQ245 BCT245 | FCT245A FCT245 FR245 
Faster system 
; iy ; 


3.9 
Realistic system 
performance (Note 2) NG NG 


5 

Lower quiescent 
supply current, less 
power consumption, 70 mA i 1.5 mA 110 mA 
and less cooling my 
required 
Lower system power 
consumption under 0.1 0.40 0.40 NS 
heavier loading (Note 3) (Note 3) (Note 3) 
conditions 
Less data disruption, 25 15 
especially when ; é 
switching 8 outputs at ue 3 aS 
atime (Note 1) (Note 1) 

NS 


Less data disruption, 

especially when 1.8 — 1.2 
connected to a bus 1.8 — 2.2 
Customers need ‘| SOIC/SSOP | SOIC/QSOP SOIC SOIC/QSOP | SOIC/QSOP SOIC 
viable alternate source SSOP SSOP SSOP 


Lower capacitance 

eans | 
eae ee 5 11.2 10 8/17 
notwithstanding- 11 10.2 12 NS 
frequency 


fe 64/—32 24/—24 64/—15 64/-—15 64/-15 64/-—15 


Easierhandling > 2000V. > 4000V >4000V > 4000V > 4000V > 4000V 





NG = Not Guaranteed; NA = Not Available; NS = Not Specified 
Assumptions: Device is '245. 


Note 1: Vo_p is measured on '244 function. 

Note 2: Specified with 8 outputs switching and no load. 

Note 3: Iccp measured 1 bit toggling, OV to 5V, 50% duty cycle, outputs loaded with 50 pF, no resistor. 
Note 4: Typical values for HBM ESD. 





ABTC Circuit and Design 


Architecture 


The basic circuitry for an ABTC non-inverting Buffer with 
TRI-STATE control logic is shown in Figure 7. Robust bipo- 
lar components form the dual rail ESD protection networks 
for both input and output structures. The Q6 and D6 ESD 
circuits provide protection to the Vcc rail and have a high 
enough breakdown voltage rating to remain high impedance 
(lzz < 100 pA) during powered-down applications. The 
Schottky transistors Q5, Q7 and Q8 provide protection to 
the Ground rail and double functionally as highly conductive 
undershoot clamps. 


The TRI-STATE output structure is formed with Bipolar 
components to produce high drive (Ilo. = 64 mA; 
loo = —32 mA) and high speed TTL compatible logic 
swings. The pull-up stage utilizes cascaded emitter follow- 
ers Q3 and Q4 to provide high source current drive for the 
charging of capacitive loads. The no-load TTL compatible 
Vou level is one forward-biased Vge (Q3) drop and one 
forward-biased Vep Schottky diode (D4) drop below the 
Voc rail yielding typical 3.8V Voy at 5V Voc, 25°C and 
10 uA source current. The ON source impedance of this 
pull-up stage is typically less than 109 for source currents 
between —5 mA to —40 mA at 25°C. This initial low imped- 
ance turn-on characteristic allows the pull-up stage to easily 
provide a Von level of 2V minimum at Ioy source current of 
—32 mA over the operating Vcc and temperature ranges. 
See Figure 6. At 25°C and source currents above —50 mA, 
the pull-up stage becomes limited by voltage drop across 
the Rios resistor and the effective source impedance be- 
comes 25D typically. Schottky diodes D3, D4 and D5 also 
provide blocking to insure that the pull-up stage remains 
high impedance during power down applications. 


CMOS 


*Open Drain 


When the output is enabled by a logic low on the OE input 
and a logic high is on the Data input, the base of Q3 is 
driven to the Vcc rail by the GMOS inverter in the data path. 
The open drain CMOS NAND gate is logic high-open (non- 
conducting) and allows the base of Q4 to be driven ON by 
Q3. The CMOS NOR gate goes low turning Q1 OFF and 
turning ON the CMOS AC/DC Miller Killer circuitry which 
grounds the base of Q2, quickly turning it OFF. This circuitry 
provides an active shunt for any charge coupled by the Mill- 
er Effect of the Q2 collector-base capacitance during the 
low to high output transition. Use of this active circuitry im- 
proves output rise time and serves to reduce simultaneous 
conduction of pull-up and pull-down stages during LH tran- 
sitions. The AC/DC Miller Killer circuit is also active when 
the output goes to TRI-STATE to prevent Q2 base injection 
by the LH transitions of other outputs on a bus, therefore 
dynamic bus loading will be capacitive only. 

Power Down Miller Killer circuitry at the base of Q2 is inac- 
tive when Vcc is applied. When Vcc is powered down, the 
Power Down Miller Killer circuitry provides an active shunt to 
transient energy coupled to the Q2 base by its collector 
base capacitance. This prevents momentary turn-on of Q2 
during LH transitions in partial power down bus applications 
and maintains the powered off output as only a Hi-Z light 
capacitive load (Izz < 100 pA) to the bus. . 


Note that Q1 drives only the Q2 pull-down stage and does 
not function as the Phase Splitter driver typical of TTL logic. 
The pull-up stage is controlled by CMOS logic independent 
of Q1. This feature allows the input threshold voltages for 
the CMOS logic driving the pull-up stage to be set indepen- 
dent of the logic driving the pull-down stage. 


a CMOS é 
CMOS ; 
AC/DC CMOS 


MK PDMK 


TL/F/11558-1 


FIGURE 1. Basic ABTC TRI-STATE Buffer Schematic 
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Technology and Family Characteristics 


ABTC Circuit and Design 
Architecture (Continued) 


The transfer function for the non-inverting ABTC Buffer 
shown in Figure 2 indicates that the data input switching 
threshold for the pull-down stage is approximately 200 mV 
lower than the pull-up stage. As the Data input is swept from 
logic LOW to logic HIGH, the output switches from active 
LOW to high impedance at an input threshold of about 1.3V 


at 25°C and a Vcc of 5.0V. When the input reaches about 


1.5V, the output switches from high impedance to HIGH. 
This design feature serves to reduce simultaneous conduc- 
tion of the stages during switching. Also, the 200 mV offset 
in Data input switching thresholds acts like hysteresis and 
causes the buffer to be very tolerant of slow data input edge 
rates, i.e., edge rates slower than 10 ns/V can easily be 
tolerated without output oscillation. The switching threshold 
is proportional to Vcc as indicated in Figure 3 and is quite 
stable as a function of temperature as indicated by Figure 4. 


OUTPUT VOLTAGE, Voyr 


TL/F/11558-6 
FIGURE 2. Buffer Transfer Function 


@ Room Temperature 
Voc = 5V, Ta = 25°C, No Load 
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OUTPUT VOLTAGE, Voyr 


INPUT VOLTAGE, Vjy 
TL/F/11558-7 
FIGURE 3. Transfer Function vs Vcc 
Ta = 25°C, No Load 





OUTPUT VOLTAGE, Voyr 


INPUT VOLTAGE, Viy 
TL/F/11558~2 
FIGURE 4. Transfer Function vs Temperature 
Vcc = 5V DC, No Load 


With the output enabled by a LOW on the OE input, a LOW 
on the Data input forces active LOWS on both the CMOS 
inverter and the open drain CMOS NAND gate outputs, 
which then simultaneously turn OFF Q3 and Q4. The CMOS 
NOR gate output goes HIGH, turning the AC/DC Miller Killer 
circuitry OFF and Q1 ON to drive Q2 ON. Q2 is designed to 
easily sink 64 mA Io,, at Vo, < 0.55V. During HL output 
transitions, Schottky diode D1 assists the pull-down stage in 
providing a low impedance discharge path for the output 
load capacitance. As the stage turns on, part of the charge 
on the output load passes through D1 and Q1 to momentari- 
ly increase the base drive to Q2 and increase Q2’s current 
sink capability. See output characteristics in Figure 5, lo. vs 


VoL. 


OUTPUT LOW CURRENT, Vg, (mA) 


0.4 0.8 1.2 1.6 2.0 2.4 2.8 


OUTPUT LOW VOLTAGE, Vo, (V) 
TL/F/11558-3 
FIGURE 5. Output Low Characteristics 
Vcc = 5VDC 





ABTC Circuit and Design 
Architecture (Continued) 


OUTPUT HIGH CURRENT, Vp, (mA) 


.0 3.0 
OUTPUT HIGH VOLTAGE, Voy 


TL/F/11558-8 
FIGURE 6. Output High Characteristics 
Vec = 5VDC 


When the output is disabled by a HIGH on the OE input, the 
enable CMOS logic quickly overrides the Data path logic 
and cuts off drive to whichever stage is ON. In the case of 
an LZ transition, the CMOS NOR gate is driven LOW turning 
OFF Q1 and turning ON the AC/DC Miller Killer circuitry to 
insure Q2 is quickly turned off. In the case of a HZ transition, 
the CMOS inverter goes hard LOW to turn off Q3 and quick- 
ly discharge the base of Q4 through Schottky diodes D7 and 
D8. The effect of disable time (tp_z, tpyz) being typically 
faster than enable time (tpz,, tpzy) inherently helps avoid 
bus contention. 


Since the CMOS Enable logic remains active to Vcc’s well 
below 2V, high impedance control can be maintained to 
Voc voltages below the turn-on Vcc thresholds of the Bipo- 
lar output stage. This insures the capability for glitch free 
power ON/OFF high impedance outputs with the provision 
that the OE input is maintained logic HIGH at or greater than 
the data sheet specified 2.0V minimum Vj during the Voc 
power ramp. However, since the CMOS logic switching 
threshold varies proportional to Vcc, a practical worst case 
OE logic high of 2.0V or 50% of Vcc, will maintain the pow- 
er ON/OFF TRI-STATE condition during the Vcc transition. 


ABTC is designed to be tolerant of controlled live insertion 
at the PCB level. Controlled means that the insertion or re- 


moval methodology is accomplished in such a way that 
power to the PCB is applied in a preferred sequence and 
that control signals are provided to the PCB also in the pre- 
ferred sequence such that output control is asserted to pre- 
vent contention of outputs attached to a bus during the pow- 
er up or down sequence. 


Tolerant means that ABTC is designed and guaranteed to 
behave in a predictable manner during controlled PCB live 
insertion in systems requiring fault-tolerant or noninterrupta- 
ble applications. Additionally, ABTC has features which fa- 
cilitate design of systems which must utilize power partition- 
ing for redundant circuitry or for powering saving of inactive 
circuits. 


All ABTC input, output, and !/O pins are protected with ro- 
bust Bipolar components with respect to both Vcc and 
Ground rails. This circuitry is designed to withstand 
2000V (Human Body Model) and also to provide clamping 
action for voltage undershoot while preserving low capaci- 
tive loading of the pin. The clamping action by the under- 
shoot clamp begins aggressively at voltages more negative 
than —0.5V relative to Ground, but this clamp remains non- 
conductive at voltages up to 7V. Relative to the Vcc rail, the 
ESD circuitry begins clamping only at voltages greater than 
5.5V above Vcc. These ESD circuits remain high imped- 
ance and non-conductive for applied input or output volt- 
ages between —0.4V to 5.5V with Voc = OV to 5.5V. 


ABTC CMOS input stages are Hi-Z with or without Vcc ap- 
plied. The lj, ljy, and Igy; data sheet specification guaran- 
tees high DC impedance for inputs with Vcc applied. The 
Vip specification guarantees Hi-Z inputs with Vcc = OV. 


High impedance output and {/O pins are capable of main- 
taining Hi-Z status with Voc = 0 and during the application 
or removal of Vcc. The ABTC data sheet parameters IozH 
and Ioz_ guarantee < 50 pA output leakage for applied 
VouT voltages of 2.7V or 0.5V at any Vcc between 5.5V 
and OV with the output disabled and with the appropriate 
logic input voltage maintained on the OE input pin. An addi- 
tional lzz bus drainage specification guarantees < 100 pA 
output leakage at Voyt = 5.5V with Vcc = OV. Therefore, 
ABTC outputs are guaranteed to remain glitch-free during 
the power cycle and at power down Vcc = OV. Refer to 
Application Section for a more detailed discussion of live 
insertion and powerup/down TRI-STATE capabilities of 
ABTC. 
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Technology and Family Characteristics 


Threshold and Noise Margin 


Figure 1 describes the input signal voltage levels for use 
with ABTC products. The AC testing input levels follow in- 
dustry convention which require 0.0V for a logic LOW and 
3.0V level for a logic HIGH. DC input levels are typically 
0.0V to Vy_, and high input levels are typically Viy to Voc. 
DC testing uses a combination of threshold and hard levels 
to assure datasheet guarantees. Input threshold levels are 
usually guaranteed through Vo, and Voy tests. 


High level noise immunity is the difference between Voy 
and Vip and low level noise immunity is the difference be- 
tween Vi, and Vo;. Noise-free Viy or Vi_ levels should not 
induce a switch on the appropriate output of an ABTC de- 
vice. When testing in an automated environment, extreme 
caution should be taken to ensure that input levels plus 
noise do not go into the transition region. 


Dynamic System Power Dissipation 


One of several advantages to using BICMOS logic is its low 
power when compared to bipolar technologies. As well, it 
has reduced dynamic output power because of the reduced 
output swing in comparison to CMOS devices. in the static 
or quiescent high state, ABTC will consume power like a 
pure CMOS device, and in the quiescent low state all power 
goes to driving the bipolar output pull-down transistor. 


Total power consumption under AC conditions comes from 


three sources; quiescent power, internal dynamic power, 


and output dynamic power. 
In other words: ProtaL = Ppaq + Point + Popout 
Where: 
ProTaL = Total Power Dissipation 
Ppa = Quiescent Power Dissipation 
PpINT = Internal Dynamic Power Dissipation 
Popout = Output Power Dissipation 


"First the Quiescent power can be derived from the following 


equation. 


; 
Ppa = !2e+Noo.*Voo| + [Picc*Nani*Voo| + 


| 
!2o#-Noow"Voc 


Where: 

Poq § = Quiescent Power Dissipation 

IccH = Quiescent Power Supply Current with All 
Outputs High 

IccL = Quiescent Power Supply Current with All 
Outputs Low 

Ngo. = Number of Quiescent Outputs Low 

Ngou = Number of Quiescent Outputs High 

Nai = Number of Quiescent Inputs High 

N = Number of Active Outputs 


Dicc = Power Supply Current for Input with Vin 
other than Vcc 


LOGIC (1) INPUT RANGE 


TRANSITION 
REGION 


LOGIC (0) INPUT RANGE 
TL/F/11558-4 


FIGURE 1 





Dynamic System Power 
Dissipation (Continued) 


Secondly, an ABTC device will dissipate power internally by 
charging and discharging internal capacitance. The follow- 
ing equation takes into account the duty cycle of inputs and 
outputs and current due to the internal switching of capaci- 
tances. 


Point = [(Dlcc*DH*NS)*Vpp] + 
| 
| (o2eNS*DL)*Voo + [(locp*f*NS)*Vccl 
Where: 
Point Internal Dynamic Power Dissipation 
Voc Power Supply Voltage 


.Dlcc = Power Supply Current for Input with Vij oth- 
er than Vcc (For example, a typical TTL in- 
put voltage is considered to be 3.4V) 


Note: The farther away an input (Vin) is from threshold 
(1.5V), the less power supply current the IC will 
consume. 


= Number of Active Outputs 
= Duty Cycle for Switching Inputs High 
= Duty Cycle for Switching Outputs Low 


= Data book specification for power supply 
current with all outputs low 


= Power consumption coefficient (mA/MHz) 
for 1-bit toggling 
f = Frequency of Outputs 
NS = Number of Outputs Switching 
Finally, at high frequencies a significant amount of current is 
consumed by a device to drive its output load. ABTC has an 
advantage here because of its reduced output swing com- 
pared to CMOS devices. For a simple case, if we assume 
only capacitive components to the load, we can use the 
following equation. 
Pout = [CL *VS* fl * Vcc 
Where: 
Popout = Output Power Dissipation 
CL = Load Capacitance 
VS = Output Voltage Swing 
f = Output Operating Frequency 
Voc = Power Supply Voltage 


Take for an example an ABT244C with all 8 outputs switch- 
ing at 16 MHz. How much power would be consumed by the 
IC in this case? 


Assumptions: 

1.Vcco = 5V 

2. The data and control inputs are being driven with OV and 
3.4V voltages for logic levels. 

3. Data input frequency = 16 MHz @ 50% duty cycle. 

4,C,. = 50 pF 

5. There are no DC loads on the outputs. i.e., outputs are 


either unterminated or terminated with an AC shunt termi- 
nation. 


. Since the output high voltage is produced by a Darlington 
transistor pair, the output voltage swing will be assumed 
to be Vcc — 1.6V or 5.0 — 1.6V = 3.4V. Therefore 
VS = 3.4V with Voc = 5.0V. 


For quiescent current, all data inputs and outputs are 
switching leaving only the 2 OE inputs static low. 


ICCL. . 
Ppa = N Naot Voo| + [Dlcc*NatH*Vec] + 


ICCH, - 
ee Nqon*Vcc 


=0+0+0=0 
Internal Dynamic Current 


| 
Point = [( Dicc*NS*DH )*Vpp] + [S=*NS*DL)*Vocl 


+ [ (Ilocp*f*NS)*Vcc] 
30e—3 
Point = [(2.5e—3*8*0.5)*5.0)] + [ (5 —*8°0.5)"*5.0] 


+ [ (0.1*16*8)*5.0] 
= [10.0e—3*5] + [15.0e—3*5.0) + 
[12.8e—3*5.0] 


= 189 mW 
Finally the Output Current 
Pout = [C_ * VS * f] * Voc 
Pout = [50.e—12*3.4V*16e6] * 5.0 
[2.72e—3]*5 
= 13.5 mW 
PToTAL = Ppa + Point + Poout 
= 0+ 189 mW + 13.5 mW 
PToTAL = 202.6 mW 
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Technology and Family Characteristics 


ABTC Process Characteristics 


PROCESS CHARACTERISTICS 


National’s 1.0 BCT combines bipolar and CMOS transistors 
in a single process to achieve high speed, high drive charac- 
teristics while maintaining low tri-state power and the ability 
to control noise. 


National’s 1.0 BCT provides a suitable platform for migra- 
tion to higher performance levels with minor technology en- 
hancements planned for the near future. In its present form, 
the technology supports Interface, Digital, Bus and Telecom 
products from National Semiconductor. 

PROCESS FEATURES 

© 18 masking layers using stepper lithography 

® 100% ion implantation utilized for dopant placement 

© Localized retrograde wells tailored for high performance 


® Optimized recessed and field isolation is aes for 
CMOS /bipolar 


@ NMOS LDD (Lightly peed Drain), PMOS Halo 
architecture 


e 150A gate oxide 


¢ Self aligned bipolar contact set utilizing minimum 
geometries 


© Localized retrograde sub-emitter collector 


_® Advanced planarization on all topographies 


© PtSi Schottky diodes, all contacts use platinum for 
resistance reduction 


¢ Barrier metal of TIW 
© Dual layer metal of Al-Si-Cu for long term reliability 
© Metal pitch of 3.5 microns 


PROCESS CROSS-SECTION 


PROCESS FLOW 


-1.0  BuriedLayer © 
2.0 P-Well 
3.0 N-Well 
4.0 Isolation 
5.0 Sink 
6.0 Active 
7.0 Active Strip 
8.0 Poly 
9.0 Base 
10.0 . Bipolar Contact 
11.0 Emitter 
12.0 P+ Source/Drain 
13.0° N+ Source/Drain 
14.0 Contact 
15.0 | Metal1 
16.0 Via 
17.0 . Metal2 
18.0 Passivation 


PROCESS PARAMETERS 


© Bipolar Performance: 10 GHz Ft with gains greater than 
100 


© CMOS Performance: 0.5 4m min Leff 
¢ Platinum Schottky diodes for TTL 


- ©@ Typical ESD Performance: > 2000V, Human Body 


Method 

e' Robust latch-up and punch-through protection with 
retrograde wells 

¢ Advanced interconnect supports superior temperature 
cycle performance 


1.0 BCT Cross Section 


LS 
ox 


COLLECTOR 


“BIPOLAR 


PASSIVATION 


TL/F/11558-5 
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Definition of Terms 


DC Characteristics 


Currents: Positive current is defined as conventional cur- 


rent flow into a device. Negative current is de- 
fined as current flow out of a device. All current 
limits are specified as absolute values. 


Voltages: All voltages are referenced to the ground pin. All 


IBvi 


IBvit 


voltage limits are specified as absolute values. 


Input HIGH Current (Breakdown Test). The current 
flowing into an input when a specified Absolute 
MAX HIGH voltage is applied to that input. 

1/O Pin HIGH Current (Breakdown Test). The cur- 
rent flowing into a disabled (output is high imped- 
ance) I/O pin when a specified Absolute MAX HIGH 
voltage is applied to that I/O pin. 

Output HIGH Leakage Current. The current flowing 
into a HIGH output due to the application of a speci- 
fied HIGH voltage to that output. 

The current flowing into the Vcc supply terminal 
when the outputs are in the HIGH state. 

The current flowing into the Vcc supply terminal 
when the outputs are in the LOW state. 


Additional |¢c due to TTL HIGH levels forced on 
CMOS inputs. 

The current flowing into the Vcc supply terminal 
when the outputs are disabled (high impedance). 
Input LOW Current. The current flowing out of an 
input when a specified LOW voltage is applied to 
that input. 

Input HIGH Current. The current flowing into an in- 
put when a specified HIGH voltage is applied to that 
input. : 

Output HIGH Current. The current flowing out of an 
output which is in the HIGH state. 

Output LOW Current. The current flowing into an 
output which is in the LOW ‘state. 

Output Short Circuit Current. The current flowing 
out of an output in the HIGH state when that output 
is shorted to ground (or other specified potential). 
Output OFF current (LOW). The current flowing out 
of a disabled TRI-STATE® output when a specified 
LOW voltage is applied to that output. 


loZH 


Izz 


Voc 


Vcep 


Vip 


VIH 


VIHD 


ViL 


Output OFF current (HIGH). The current flowing 
into a disabled TR!-STATE output when a specified 
HIGH voltage is applied to that output. 

Bus Drainage. The current flowing into an output or 
1/O pin.when a specified HIGH level is applied to 
the output or I/O pin of a power-down device. 
Supply Voltage. The range of power supply volt- 
ages over which the device is guaranteed to oper- 
ate. 
Input Clamp Diode Voltage. The voltage on an input 
(—) when a specified current is pulled from that in- 
put. 

Input Breakdown Voltage. The voltage on an input 
of a powered-down device when a specified current 
is forced into that input. 

Input HIGH Voltage. The minimum input voltage 
that is recognized as a DC HIGH-level. 


Dynamic Input HIGH Voltage. The minimum input 


voltage that is recognized as a HIGH-level during a 
Multiple Output Switching (MOS) operation. 


Input LOW Voltage. The maximum input voltage 
that is recognized as a DC LOW-level. 


Dynamic Input LOW Voltage. The maximum input 


voltage that is recognized as a LOW-level during: 


Multiple Output Switching (MOS) operation. 
Output HIGH Voltage. The voltage at an output 
conditioned HIGH with a specified output load and 
Vcc supply voltage. 

Minimum (valley) voltage induced on a static HIGH 
high output during switching of other outputs. 
Output LOW Voltage. The voltage at an output con- 
ditioned LOW with a specified output load and Voc 
supply voltage. 

Maximum (peak) voltage induced on a static LOW 
output during switching of other outputs. 

Minimum (valley) voltage induced on a static LOW 
output during switching of other outputs. 
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ABTC Ratings, Specifications and Waveforms 


AC Characteristics 


f, Maximum Transistor Operating Frequency—the fre- 
quency at which the gain of the transistor has dropped by 
three decibels. 


fmax Toggle Frequency/Operating Frequency—The 
maximum rate at which clock pulses may be applied to a 
sequential circuit. Above this frequency the device may 
cease to function. 


tpLy Propagation Delay Time—The time between the 
specified reference points, normally 1.5V on the input and 
output voltage waveforms, with the output changing from 
the defined LOW level to the defined HIGH level. 


tpH_ Propagation Delay Time—The time between the 
specified reference points, normally 1.5V on the input and 
output voltage waveforms, with the output changing from 
the defined HIGH level to the defined LOW level. 


ty Pulse Width—The time between 1.5V amplitude points 
of the leading and trailing edges of a pulse. 


th Hold Time—The interval immediately following the active 
transition of the timing pulse (usually the clock pulse) or 
following the transition of the control input to its latching 
level, during which interval the data to be recognized must 
be maintained at the input to ensure its continued recogni- 
tion. A negative hold time indicates that the correct logic 
level may be released prior to the active transition of the 
timing pulse and still be recognized. 


t, Setup Time—The interval immediately preceding the ac- 
tive transition of the timing pulse (usually the clock pulse) or 
preceding the transition of the contro! input to its latching 
level, during which interval the data to be recognized must 
be maintained at the input to ensure its recognition. A nega- 
tive setup time indicates that the correct logic level may be 
initiated sometime after the active transition of the timing 
pulse and still be recognized. 


tpyz Output Disable Time (of a TRI-STATE Output) from 
HIGH Level—The time between the 1.5V level on the input 
and a voltage 0.3V below the steady state output HIGH lev- 
el with the TRI-STATE output changing from the defined 
HIGH level to’a hiah impedance (OFF) state. 

tp_z Output Disable Time (of a TRI-STATE Output) from 
LOW Level—The time between the 1.5V level on the input 
and a voltage 0.3V above the steady state output LOW level 
with the TRI-STATE output changing from the defined LOW 
level to a high impedance (OFF) state. 


tpzy Output Enable Time (of a TRI-STATE Output) to a 
HIGH Level—The time between the 1.5V levels of the input 
and output voltage waveforms with the TRI-STATE output 
changing from a high impedance (OFF) state to a HIGH 
level. 


tpz_ Output Enable Time (of a TRI-STATE Output) to a 
LOW Level—the time between the 1.5V levels of the input 
and output voltage waveforms with the TRI-STATE output 
changing from a high impedance (OFF) state to a LOW lev- 
els. 


tree Recovery Time—The time between the 1.5V level on 
the trailing edge of an asynchronous input control pulse and 
the same level on a synchronous input (clock) pulse such 
that the device will respond to the synchronous input. 


AC Loading and Waveforms 


Figure 1 shows the AC loading circuit used in characterizing 
and specifying propagation delays of all ABTC devices, un- 
less otherwise specified in the data sheet of a specific de- 
vice. The value of the capacitive load (C,) is variable and is 
defined in the AC Electrical Characteristics. 


The 500N resistor to ground in Figure 7 is intended to slight- 
ly load the output and limit the quiescent HIGH-state voltage 
to about +3.5V. Also shown in Figure 7 is a second 5009. 
resistor from the device output to a switch. For most mea- 
surements this switch is open; it is closed for measuring a 
device with open-collector outputs and for measuring one 
set of the Enable/Disable parameters (LOW-to-OFF and 
OFF-to-LOW) of a TRI-STATE output. With the switch 
closed, the pair of 5009 resistors and the +7.0V supply 
establishes a quiescent HIGH level of +3.5V, which corre- 
lates with the HIGH level discussed in the preceding para- 
graph. ; 

Figures 2a and 26 describe the input pulse requirements 
necessary when testing ABTC circuits. Figures 3 and 5 
show waveforms for all propagation delay and pulse width 
measurements while Figure 4 shows waveforms for 
TRI-STATE enable and disable times. The waveforms 
shown in Figure 6 describe setup, hold and recovery times. 
These diagrams define all input and output measure points 
used in testing ABTC devices. 





AC Loading 


+7V 


Bee, gl 


techs ALL OTHER 


TL/F/11560-9 
*Includes jig and probe capacitance 


FIGURE 1. Standard AC Test Load 


AC Waveforms 


CLOCK OR 
CONTROL 
INPUT 


TL/F/11560-11 
FIGURE 3. Propagation Delay, 
Pulse Width Waveforms 


TL/F/11560-13 
FIGURE 5. Propagation Delay Waveforms 
for Inverting and Non-Inverting Functions 


90% 
NEGATIVE 
PULSE 


POSITIVE 
PULSE 
10% 


1.5V 


TL/F/11560-10 
FIGURE 2a. Test Input Signal Levels 


| Amplitude | Rep.Rate | tw | t | | 
aov_| mdz | s00ns | 25ns | 26ns | 


FIGURE 2b. Test Input Signal Requirements 


OUTPUT © 
CONTROL 


TL/F/11560-12 
FIGURE 4. TRI-STATE Output HIGH 
and LOW Enable and Disable Times 


CLOCK OR 
CONTROL 
INPUT 


MR, CLR 


PRE 
TL/F/11560-14 


FIGURE 6. Setup Time, Hold Time 
and Recovery Time Waveforms 
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ABTC Ratings, Specifications and Waveforms 


Skew Definitions and Examples 
Minimizing output skew is a key design criteria in today’s 
high-speed clocking schemes, and National has incorporat- 
ed skew specifications into the ABTC family of devices. 
This section provides general definitions and examples of 
skew. 


CLOCK SKEW 


Skew is the variation of propagation delay differences be- 
tween output clock signal(s). See Figure 8. 


HP 8180A 
WORD 
GENERATOR 


GND is supplied via 
@ copper plane 


Example: 

If signal appears at out #1 in 3 ns and in 4 ns at output #5, 
the skew is 1 ns. 

Without skew specifications, a designer must approximate 
timing uncertainties. Skew specifications have been created 
to help clock designers define output propagation delay dif- 
ferences within a given device, duty cycle and device-to-de- 
vice delay differences. . 


©) 


La 


Probes are grounded as 
close to DUT pins as possible. 


Load capacitors are placed 


as close to DUT as possible. 
TL/F/11560-15 


FIGURE 7. Simultaneous Switching Test Circuit 


CLOCK 
DRIVER 


1 INPUT 


CLOCK_IN 


8 OUTPUTS 


CLOCK_OUT 


YS 


a 
SKEW 
DUE TO DELAY 
UNCERTAINTY 


on On ek WN 


TL/F/11560-16 


- FIGURE 8. Clock Output Skew 


SOURCES OF CLOCK SKEW 


Total system clock skew includes intrinsic and extrinsic skew. Intrinsic skew is defined as the differences in delays between the 
outputs of device(s). Extrinsic skew is defined as the differences in trace delays and loading conditions. 


INTRINSIC SKEW 


CLOCK 
DRIVER 
CLOCK _IN 


EXTRINSIC SKEW 


CLOCK_OUT 


SKEW DUE TO 
DEVICE AND TRACE/LOAD DELAYS 
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FIGURE 9. Sources of Clock Skew 


Example: 50 MHz Clock signal distribution on a PC Board. 


50 MHz signals produces 20 ns clock cycles 
Total system skew budget = 10% of clock cycle* = 2ns —> 


If extrinsic skew = 1ns —> 


Device skew (intrinsic skew) must be less than 1 ns! <— 


*Clock Design Aule of thumb. 





Skew Definitions and Examples (continueg) 


CLOCK DUTY CYCLE 
¢ Clock Duty Cycle is a measure of the amount of time a signal is High or Low in a given clock cycle. 
ear Lear 


Pees 
TL/F/11560-18 


Duty Cycle = t/T * 100% 
FIGURE 10. Duty Cycle Calculation 


Clock Signal 


[sca \ Example: 
\ tow / tHiGH and tow are each 50% of the clock cycle therefore 


the clock signal has a Duty Cycle of 50/50%. 


Pe et ceniaeeaen e Clock skew effects the Duty Cycle of a signal. 


FIGURE 11. Clock Cycle 
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Clock + Skew 
b\\—~ Example: 50 MHz clock distribution on a PC board. 
REVEAL eo 720 Skew must be guaranteed less than 1 ns at 50 MHz to 
FIGURE 12. Clock Skew achieve 55/45% Duty Cycle requirements of core silicon! 


TABLE | 

















System 


Frequency Duty Cycle 


50 MHz 50/50% —_— Ideal Duty Cycle (50/50%) occurs for zero skew. 

50 MHz 60/40% , 

50 MHz 55/45% 

33 MHz 55/45% _— Note that at lower frequencies, the skew budget is not as tight 


and skew does not effect the Duty Cycle as severely as seen at 
higher frequencies. 





Definition of Parameters 


tos_y tosu_ (Common Edge Skew) 


tosHL and tos_y are parameters which describe the delay from one driver to another on the same chip. This specification is the 
worst-case number of the delta between the fastest to the slowest path on the same chip. An example of where this parameter 
is critical is the case of the cache controller and the CPU, where both units use the same transition of the clock. In order for the 
CPU and the controller to be synchronized, tos_H/HL needs to be minimized. 


Definition Example 


hai: tos_H (Output Skew for High-to-Low Transitions): aay : 
tosH = IteHimax ~ teHL Min! INPUT 7 a. ae 
y : { 
Output Skew for Low-to-High Transitions: ' ; 
t = |t -t | OUTPUT 1 
OSLH = ItPLHyax ~ 'PLHMIN \ Phy. 
Propagation delays are measured across the outputs of any , Taare —! 
given device. : PLHW iN. ‘i 
OUTPUT 2 4 / 14 \ 
1 
: 1 \ oq , : 
‘ U 
; PL vax. 14 PHLyax. i 
i} : i} 
I —<$<$+4 — 
‘fost tosHt + 


: TL/F/11560-21 
FIGURE 13. tos_u, tosHL 
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ABTC Ratings, Specifications and Waveforms 


- measured at each output pin across the given device. 


Definition of Parameters (continued) 


tps (Pin Skew or Transition Skew) 

tps, describes opposite edge skews, i.e., the difference between the delay of the low-to-high transition and the high-to-low 
transition on the same pin. This parameter is measured across all the outputs (drivers) on the same chip, the worst (largest 
delta) number is the guaranteed specification. Ideally this number needs to be 0 ns. Effectively, 0 ns means that there is no 
degradation of the input signal’s Duty Cycle. 

Many of today’s microprocessors require a minimum of a 45:55 percent Duty Cycle. System clock designers typically achieve 
this in one of two ways. The first method is with an expensive crystal oscillator which meets the 45:55 percent Duty Cycle 
requirement. An alternative approach is to use a less expensive crystal oscillator and implement a divide by two function. Some 
microprocessors have addressed this by internally performing the divide by two. 

Since Duty Cycle is defined as a percentage, the room for error becomes tighter as the system cick frequency increases. For 
example in a 25 MHz system clock with a 45:55 percent Duty Cycle requirement, tps cannot exceed a maximum of 4 ns (tp_y of - 
18 ns and tp_y of 22 ns) and still meet the Duty Cycle requirement. However for a 50 MHz system clock with a 45:55 percent 
Duty Cycle requirement, tps cannot exceed a maximum of 2 ns (tpi of 9 ns and tpy,_ of 11 ns) and still meet the Duty Cycle 
requirement. This analysis assumes a perfect 50:50 percent Duty Cycle input signal. 


Definition Example 
tps (Pin Skew or Transition Skew): 


clock input 
tps = ItpHi-teLHl 50% duty an oe 


Both high-to-low and low-to-high propagation delays are “ysl 


output 1 \ y \ bs, = HL, = LH, 
' , ot 


Lf to 
re. 6 It. 


pu, PHL, 


! 
output 2 1 \ bs = buL, = toLH, 
, / \ \ 


’ 


“tui, PHL, 
TL/F/11560-22 
FIGURE 14. tpg 


Example: A 33 MHz, 50/50% duty cycle input signal would be degraded by 2.6% due to a tpg = 0.8 ns. (See Table and 
Illustration below.) 
Note: Output symmetry degradation also depends on input duty cycle. 


TABLE II. Duty Cycle Degradation of 33 MHz 


| tmp | evice | Outta 


TIN tout Tour. Input to Output 
(ns) hse (ns) (ns) 
2 





50%/50% 15.15/15.15 14.35/15.95 47.4%/52.6% 
45%/55% 13.6/16.6 12.1/18.1 39.9% /60.1% 


50% - (77) worst CASE DEGRADATION, 
HIGH LEVEL > ; TPS = 0.8nS. 


47.4% HIGH LEVEL 
+ (2.6% PULSE WIDTH DECREASE) 
' 
1 
I 


is ! S 52.6% LOW LEVEL 


(2.6% PULSE WIOTH INCREASE) 


50% 
LOW LEVEL 


FIGURE 15. Pulse Width Degradation 
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Definition of Parameters (Continued) 


tost (Opposite Edge Skew) 


tost defines the difference between the fastest and the 
slowest of both transitions within a given chip. Given a spe- 
cific system with two components, one being positive-edge 
triggered and one being negative-edge triggered, tost helps 
to calculate the required delay elements if synchronization 
of the positive- and negative-clock edges is required. 


device 
output 


time, ns 
TL/F/11560-24 


max 


FIGURE 16. tost 


Definition 
tost (Opposite Edge Skew): 
tost = lteam—trgnl 
where ¢ is any edge transition (high-to-low or low-to-high) 
measured between any two outputs (m or n) within any giv- 
en device. 


Example 


' 
1 OUTPUT 1 
I 


o—— ‘ii, 


OUTPUT 24 
t : -_ 
\ tho. = ‘LH, 
Le — tou, — 
i} 


« ost 
FIGURE 17. tost 


tpy (Part Variation Skew) 


tpy illustrates the distribution of propagation delays between 
the outputs of any two devices. 


Part-to-part skew, tpy,.becomes a critical parameter as the 
driving scheme becomes more complicated. This usually 
applies to higher-end systems which go from single clock 
drivers to distributed clock trees to increase fanout (shown 
below). In a distributed clock tree, part-to-part skew be- 
tween U2 and U3 must be minimized to optimize system 
clock frequency. In the case of the clock tree, the total skew 
becomes a function of tostH/HL of U1 plus tpy of U2 and 
U3. 


TL/F/11560~25 


— 


TL/F/11560-26 
FIGURE 18. Clock Distribution 


Case 1: Single Clock Driver 
Total Skew = Pin-to-Pin Skew U1 


= tosLH Or tosui of U1 © 


TL/F/11560-27 
Definition 
tpy (Part Variation Skew): 
tpy = Itpauy — trex, 


where ¢ is any edge transition (high-to-low or low-to-high) 
measured from the outputs of any two devices. 


outputs 
all devices 





time, ns 


TL/F/11560-28 
FIGURE 19. tpy 


Case 2: Distributed Clock Tree f 


Ww 
Total Skew (U2, U3) = Pin-to-Pin Skew (U1) + Part-to-Part 
Skew (U2, U3) 
Example 
| DEVICE 1 i. ae 
1, OUTPUT 1 Poy,y PHLy 


DEVICE 2 
OUTPUT 2 


\ 

' 
' 
’ (a 


TL/F/1 1560-29 
FIGURE 20. tpy 
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ABTC Ratings, Specifications and Waveforms 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, DC Latchup Source Current —500 mA 
please contact the National Semiconductor Sales Over Voltage Latchup (1/0) 10V 
Office/Distributors for availability and specifications. Note 1: Absolute maximum ratings are values beyond which the device may 


Storage Temperature —65°C to + 150°C be damaged or have its useful life impaired. Functional operation under 
‘ : these conditions is not implied. 
Ambient Temperature under Bias — 55°C to + 125°C ; ; e eee 7 , 
: : Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
Junction Temperature under Bias rue 


Ceramic Pepe torrs6 Recommended Operating 


Plastic. — 58°C to + 150°C a 
Voc Pin Potential to Conditions 


Ground Pin —0.5V to +7.0V Free Air Ambient Temperature 
Input Voltage (Note 2) —0.5V to +7.0V ped = Gat 2 + 2 “ee 
Input Current (Note 2) —30 mA to +5.0mA F Se = to 
upply Voltage 
Voltage Applied to Any Output ' » Military iPass 


in the Disabled or . 
Power-off State —0.5V to 5.5V Commmercal BONS SY 
in the HIGH State —0.5V to Veco Minimum Input Edge Rate (AV/At) 
: Data Input 50 mV/ns 
Current Applied to Output Enable Input 20 mV/ns 
.. in LOW State (Max) twice the rated Io, (mA) Clock Input 400 mV/ns 


DC Electrical Characteristics (except as noted on device datasheet) 


ABT245C 
Symbol Parameter Vcc Conditions 
Min Typ Max 


VoL Output LOW | 54ABT . lo. = 48mA 
Voltage 74ABT 


lo. = 64mA 
Input HIGH Current VIN = 2.7V 


Vin = Voc 
Max Vin = 7.0V 





re 


Max 


ipvi input HIGH Current 
Breakdown Test 


Ipvit Input HIGH Current 
Breakdown Test (I/O) 
Nie Input LOW Current 
Vip Input Leakage Test 4.75 


hin + loz 
hu + loz 

los =100 
Ioex 
izz 
Icon 
Ioou | 
Icoz 


locr Additional Outputs Enabled 
loc/input Outputs TRI-STATE 
Outputs TRI-STATE 


= 
> 


Max Vin = 5.5V 


= 
> 


Vin = 0.5V 
Vin = 0.0V 


lip = 1.9 pA 
All Other Pins Grounded 


— 5.5V | Vout = 2.7V; OE = 2.0V (I/O Pins) 
— 5.5V | Vout = 0.5V; OE = 2.0V (I/O Pins) 
Vout = 0.0V 

Vout = Voc 

Vout = 5.5V; All Others GND 

All Outputs HIGH 

All Outputs LOW 


Vi = Veco — 2.1V 
Max Enable Input V; = Vcc — 2.1V — 
Data Input V) = Voc — 2.1V 
All Others at Vcc or GND 
OE = Voc; Vout = HIGH Z 


= 
» 
x 


a 


mA 
pA 


= cle le la fe le : 
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Characterization and Extended 
Test Specifications 


Philosophy 

During the National new product introduction process for 
logic IC’s, a new ABTC IC design will undergo a rigorous 
-characterization to baseline its performance. This data is 
required ‘to correlate with simulation models, determine 
product specifications, compare performance to other prod- 
uct, provide a feedback mechanism to the fabrication pro- 
cess, and for customer information. National’s Logic IC 
characterizations are designed to get as much information 
as possible about the product and potential customer ais 
cation performance. 

National’s logic IC characterization methodology uses past 
knowledge of design performance, simulation, and process 
parametrics to determine what electrical parameters to 


characterize. Characterization samples are selected so that _ 


they have key process parametrics (e.g., Drive, Beta, Vin, 
Vip Lett, etc.) which have been shown to significantly affect 
device electrical parameters. Data is acquired and process- 
ed using statistical analysis software. Manufacturing test 
limits are then set using the knowledge of variations due to 
fabrication, package, tester, Voc, temperature, and condi- 
tion. This allows product to be shipped on demand without 
problems or delays. 

The following are brief summaries of characterization tests 
performed. 


Test Summaries 


AC Electrical Characteristics 


Single Output Switching propagation delays 
Testing includes measured propagation delays at 50 pF and 
250 pF output load capacitances. 

'PLH Active Propagation Delays 
tPHL 
'PZH Enable Propagation Delays | 
tezL 
tPLz 
tPHz 
Also included are input timing parameters 

ts Setup Time 
ty Hold Time 


Disable Propagation Delays 


Multiple (Simultaneous) Output Switching Propagation 
Delays , 
These tests are used to ensure compliance to the 
extended databook specifications and include active 
propagation delays, disable and enable times at 50 
pF and 250 pF output loads. 


Multiple Output Switching Skew 
Performance data from the Multiple Output Switch- 
ing propagation delay testing is analyzed to obtain 
information regarding output skew of an IC. 


FMAX (synchronous logic) 
FMAX determines the minimum frequency at which 
the device is guaranteed to operate for a clocked.IC. 
This test is package and test environment sensitive. 


Pulse Width (synchronous logic) 
Pulse Width testing is used to define the minimum 
pulse duration that a flip-flop or latch input will ac- 
cept and still function properly. This test is package 
and test environment sensitive. 


F-Toggle (asynchronous logic) 
F-Toggle is the minimum frequency at which the IC - 
is guaranteed to function under multiple outputs 
switching condition with outputs operating in phase. 
This test is package and test environment sensitive. 


AC Dynamic (Noise) 
Characteristics 


Votps Vo_y—Ground Bounce (Quiet Output Switching) 
Measured parameters with 50 pF loading relate the | 
amount that a static conditioned output will change 
in voltage under multiple outputs switching condition 
with outputs operating in phase. They are heavily 
influenced by the magnitude that Vcc and Ground 
move internal to the IC. 


Vitp» Vinp—Dynamic Threshold 
Dynamic threshold measures the shift of an IC's ir in- 
put threshold due to noise generated while under 
multiple outputs switching condition with outputs op- 
erating in phase. This test is package and test envi- | 
ronment sensitive. . 

Input Edge Rate 


This test is performed to determine what minimum 
edge rate can be applied to an input and have the 
corresponding output transition with no abnormaili- 
ties such as glitches or oscillations. 


DC Electrical Characteristics 


Automated Test Equipment (ATE) DC Tests 
DC test data gathered show the performance of an 
IC to statically applied voltages and currents. 
Functional Shmoo 
The function shmoo shows the function Sjietational 
window of an IC at a wide range of Vcc’s and tem- 
peratures. 
Power Up & Power Down Output Shmoo 


Similar to the function shmoo,:the power up and 
power down output shmoo shows the DC operation 
of an output during power up and power down con- 
ditions. 


Transfer Characteristic (Vin/Vout) 
Input Traces (Vjq/Tin) 

Output Traces (VoL/lo.; Vou/lon) 
Power 


Power-Up Icc Traces 
Shows how the supply current reacts to various in- 
put conditions during power up. 

Icc VS Vin Traces 


Traces of Icc vs Vin show how the supply current 
changes with input voitage. 
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ABTC Ratings, Specifications and Waveforms 


Power (Continued) 


Iccp (Dynamic Icc) 
Determines the amount of current an IC will con- 
sume at frequency. 


Capacitance 
Input/Output Capacitance (Cjj/Cout) 


Reliability Tests 


Latch-up 
Testing determines if an IC is susceptible to latch-up 


from over-current or over-voltage stresses per 
. MIL-STD-883 JEDEC method 17. 


HBM Electrostatic Discharge, Human Body Model 
Per MIL-STD-883C method 3015.6. 


Extended Specifications 


With the introduction of the ABTC product family, National 
has taken new steps in aiding the system designer with a 
better method to predict device performance in his applica- 
tion. National now offers system oriented performance 
specifications so a designer can feel confident in the way a 
device will preform over a wider variety of switching condi- 
tions. Performance specifications in the form of Extended 
Specifications are provided with each product datasheet 


In the past, most extended databook specifications depend- 
ed on a representative product family function to provide the 
guaranteed performance data for the rest of the family. The 
drawback from this method of test and specmanship leaves 
rather large process, tester and function guardbands in the 
final maximum or minimum specifications. The test data for 
National’s ABTC product family, taken during product devel- 
opment on each function, provides the ABTC family with 
device specific and guaranteed extended specifications that 


can be passed directly to the system designers. National — 


offers the extended specifications with the belief that cus- 
tomers can reduce their incoming test reauirements and in 
essence reduce the cost and time for product design-in. 

Additional guaranteed specifications provided by National 
include: Single Output Switching (SOS) for 250 pF loads; 
Multiple Output Switching (MOS) for 50 pF and 250 pF 


VERTICAL = 1.0V/DIV 
TIMEBASE = 2.0 ns/DIV 








loads; Skew; Quiet Output Switching (QOS) Voip, Voy, 
VoHp: VoHv and Dynamic Threshold (DVTH), Vi_H, and 
VIHD- 

Each of the guaranteed extended specifications involve 
multiple output switching events, with exception to the SOS 
specifications. During a multiple output switching event, 
stray inductance and capacitance inhibit product perform- 
ance. National has developed standardized hardware that 
aligns with the industry for ABTC product evaluations. Some 
of the features of the test fixturing include ground planes 
and low inductive connections, critical in evaluating the 
product and not the fixture. See Section 2.7 for more infor- 
mation on test fixture hardware. 


The extended specfication tests have very similiar if not 
identical test setups. The results of the measurements from 
each test depend on the application focus. The quantitative 
analysis from the tests provides insight into product per- 
formance. The parameters and typical results from each 
test type can be easily explained in the sections that follow. 
Sample plots are generated from National’s ABT244C and 
represent room temperature data at 5.0V Vcc. 


TABLE Ill. Test Conditions for MOS, Skew, QOS, DVTH 


Input Edge Rate 2.5 ns 
Input Skew 


< 300 pS 

OV to 3.0V 

1 MHz 

50 pF, 5000; 
250 pF, 5000 


Input Amplitude 
Input Frequency 
Output Load 


MULTIPLE OUTPUT SWITCHING 


Multiple output switching simulates a worst case switching 
environment. With input edges deskewed to < 300 pS, the 
device has to provide simultaneous switching current for the 
output. The cumulative effect of environmental inductance 
and capacitance impacts the output edge rate and ultimate- 
ly impacts propagation delay and noise immunity perform- 
ance. 

The plots of Figures 21-26 demonstrate the ability of the 
ABTC product family to minimize enviromental inductance 
and capacitance effects as well as propagation delay degra- 
dation from increased number of outputs switching. 


8 OUTPUTS SWITCHING, LH 


Si- 4 OUTPUTS SWITCHING, LH 
1 OUTPUT SWITCHING, LH 


TL/F/11560-30 


FIGURE 21. Multiple Outputs Switching, LH, 1, 4,8 Outputs 
74ABT244C, Voc = 5.0V, Ta = 25°C 


Extended Specifications (Continued) 


8 OUTPUTS SWITCHING,HL 


VERTICAL = 1.0V/DIV 
TIMEBASE = 2.0 ns/DIV 
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TL/F/11560-31 


FIGURE 22. Multiple Output Switching, HL, 1, 4, 8 Outputs 
74ABT244C, Vcoc = 5.0V, Ta = 25°C 





VERTICAL = 1.0V/DIV 
TIMEBASE = 2.0 ns/DIV 


TL/F/11560-32 


FIGURE 23. Single Output Switching, LH, 50 pF, 250 pF Capacitive Loading 
74ABT244C, Vcoc = 5.0V, Ta = 25°C 





ABTC Ratings, Specifications and Waveforms 


Extended Specifications (continued) 


OUTPUT 


VERTICAL = 1.0V/DIV 
TIMEBASE = 2.0 ns/DIV 


FIGURE 24. Single Output Switching, HL, 50 pF, 250 pF Capacitive Loading 
74ABT244C, Vcc = 5.0V, Ta = 25°C 


i 
LEB 


a Ser a 
VERTICAL = 1.0V/DIV 
TIMEBASE = 2.0 ns/DIV 





FIGURE 25. Multiple Outputs Switching (8) LH, 50 pF, 250 pF Capacitive Loading 
74ABT244C, Vcc 5.0V, Ta = 25°C 


OUTPUT VERTICAL = 1.0V/DIV 


TIMEBASE = 2.0 ns/DIV 


FIGURE 26. Multiple Output Switching (8) HL, 50 pF, 250 pF Capacitive Loading 
74ABT244C, Voc = 5.0V, Ta = 25°C 
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Extended Specifications (Continued) 


SKEW 

Skew specifications provide a system designer with up front 
critical timing information to speed design cycle time. Skew 
measurements are derived from MOS propagation delay 
data rather than SOS propagation delay data. The advan- 
tage of MOS skew from a design engineer’s viewpoint, is 
that MOS is a more realistic condition under which skew 
becomes critical. 

Three modes of skew testing are published for each device 
in the ABTC product family. Each skew mode describes a 
variance either within a pin (i.e. duty cycle), across to pins or 
across parts (i.e. process) for a given device function. 


Within-a-Pin Skew, tps 
Witnin-a-pin skew is designated by tps (pin skew), 
and describes each pin on a part and its ability to 
maintain 50% duty cycle. Pin skew is a calculation 
from the MOS propagation delays, tp_y and tpy, on 
each pin. 


Across-Pin Skew, tos 
Across-pin skew is designated by tog (output skew), 
and describes the MOS output edge difference 
across all output pins on a part. Across-pin skew 
can be broken down further into tos_H, tosH_ and 
tost. The (LH) indicates that output skew is mea- 
sured across all outputs while switching low-to-high. 
The (11) indicates output skew measured on the 
high-to-low transition. The (t) infers that skew is 
measured across the outputs independent of a low- 
to- high or high-to-low edge or total output skew. 
Total output skew is calculated from the MOS prop- 
agation delays, tpLy and tpy:, across all pins. 


Across-Part Skew, tpy 
Across-part skew is designated by tpy (part varia- 
tion), and describes the MOS output edge difference 
across all output pins on all parts in the population. 
Across-part skew is calculated from the MOS propa- 
gation delays, tp_y and tpy:, across all pins and all 
parts. 


‘The plots in Figures 27-28 describe skew performance in a 


50 pF, 5000 environment. 


VERTICAL = 1.0V/DIV 
TIMEBASE = 1.0 ns/DIV 


TL/F/11560-36 


FIGURE 27. Skew 8 Outputs Switching, LH 
74ABT244C, Voc = 5.0V, Ta = 25°C 


OUTPUTS 


VERTICAL = 1.0V/DIV 
TIMEBASE = 1.0 ns/DIV 


TL/F/11560-37 


FIGURE 28. Skew 8 Outputs Switching, HL 
74ABT244C, Voc = 5.0V, Ta = 25°C 
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ABTC Ratings, Specifications and Waveforms 


Extended Specifications (continuea) 


QUIET OUTPUT SWITCHING 


Quiet output switching, (QOS), specifications provide the 
system designer quantification of ABTC’s effective control 


_ of noise and performance to threshold specifications. The 


QOS specification is a representation of the resultant shift 

of an output voltage, either from a static high or low level on 

a single bit, while the other bits switch simutaneously in 

phase. The voltage shift from a quiet output is specified 

through four parameters. 

® Vo_p and Vo.y describe the peak or valley of a voltage 
shift for a quiet output low level. 

® Voup and Vony describe the peak or valley of a voltage 
shift for a quiet output high level. 


OTHER OUTPUTS 


The concern for the system designer evolves from the pos- 
siblity that the quiet output voltage shift could impact at- 
tached circuitry. Vo_p values on some product families peak 
above threshold high and become recognized as a logic 
HIGH. The period of time the voltage shift spends in the 
opposite state is short, in the neighborhood of 10-100 pS, 
and may not disrupt sequencial circuitry if it is level sensing. 
If the attached circuitry needs a rising edge, such as a clock 
input, the sequencial circuitry may take the inadvertent de- 
flection and interpret it. National provides the QOS specifi- 
cation to assist in noise margin planning. 


VERTICAL = 1.0V/DIV 
TIMEBASE = 2.0 ns/DIV 


TL/F/11560-38 


FIGURE 29. Voip, Vo_v 
LH Transition 
74ABT244C, Voc = 5.0V, Ta = 25°C 


OTHER OUTPUTS 


QUIET OUTPUT 


VERTICAL = 1.0V/DIV 
TIMEBASE = 2.0 ns/DIV 


TL/F/11560-39 


FIGURE 30. Vo_p, Vo_v 
HL Transition 
74ABCT244C, Voc = 5.0V, Ta = 25°C 





Extended Specifications (Continued) 


DYNAMIC THRESHOLD 


Dynamic threshold data, (DVTH), like QOS data, provides 
the system designer with noise performance criteria. DVTH 
specifications quantify the magnitude of output voltage de- 
flection that a logic high or low might experience under an 
MOS switching condition. The voltage deflection is a result 
of an apparent shift of an input’s threshold due to noise 
generated from MOS switching on the internal die ground 
and Vcc busses. The phenomenon occurs during any logic 
state transition: LH, HL, ZL, etc. As a practice, National de- 
termines the worse case transition for each product and 
generates the specification based on that transition. 
Dynamic threshold specifications are denoted by the no- 
menclature, Vi_p and Vip, where the “D” represents ‘‘Dy- 
namic’”’. The definitions for each are as follows, 


® Vitp - The maximum LOW input level such that normal 
switching/functional characteristics are observed on the 
output 

¢ Vinp - The minimum HIGH input level such that normal 
switching/functional characteristics are observed on the 
output 

Dynamic threshold failures are bundled into five main failure 

modes. The most predominant failure is an output deflection 


in violation of an input threshold level. Others include propa- - 


gation delay step out in excess of an MOS propagation de- 

lay specification, state changes and oscillations. A detailed 

definition of each failure can be described as follows, 

1. On a low output, the LOW level will not rise above an 
input threshold low level of 0.8V after the transition of the 
output. Figures 37 and 32. Numbered output curve de- 
flections are a result of 10 mV incremental changes on 
the low input signal level. 


OUTPUT 


TL/F/11560-40 


FIGURE 31. Vi_p 7 Outputs Switching 
Vec = 5.0V, Ta = 25°C 


OUTPUT 


TL/F/11560-41 


FIGURE 32. Vi_p 8 Outputs Switching 
Vec = 5.0V, Ta = 25°C 
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ABTC Ratings, Specifications and Waveforms 


Extended Specifications (Continued) 


2. On a high output, the HIGH level will not drop below an input threshold high level of 2.0V after the transition of the output. 
Figures 33 and 34. Numbered output curve deflections are a result of 10 mV incremental changes on the high input signal 
level. 


TL/F/11560-42 
FIGURE 33. Vinp 
7 Outputs Switching 
Vec = 5.0V, Ta = 25°C 


TL/F/11560-43 


FIGURE 34. Vinp 
8 Outputs Switching 
Voc = 5.0V, Ta = 25°C 
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Extended Specifications (continued) 
3. If the natural ringing, other than the initial bounce, of the 4. The propagation delay is monitored and is determined a 
output violates an input threshold level, the starting volt- failure when it exceeds the MOS propagation delay for 
age level is noted and monitored until a 100 mV ampli- that transition. 
tute change towards threshold. If no amplitude change 5. Gross failures including oscillation and functional state 
occurs, then the next peak or valley on the output is changes. 
monitored for input threshold violation. Figure 35. 


awn INITIAL BOUNCE 


QUIET 
LOW 
OUTPUT 


Voiv 


IF THIS PEAK EXCEEDS 

Vj, NATURALLY, THEN THE 
VOLTAGE X IS NOTED AND 
FAILURE AT Vip /Viup IS 

SUCH THAT X=X+0.1V 


SULOJOAPM PUP SUOITPOIJIOAadS ‘shuNeYy OLaV 


TL/F/11560-44 
FIGURE 35 
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Characterization Fixture 


With the introduction of ABTC product family with system 
level specifications that are guaranteed in a high perform- 
ance AC enivronment, there is a necessity for a precise and 
repeatable test environment. Keeping in mind the defacto 
standards presented by Philips ABT fixture coupled with the 
understanding that our customers would like to correlate 
performance of like technologies, National reproduced an 
electrical equivalent AC fixture to that of the Signetics board 
documented in their Application Note 602. 


To maximize correlation to National’s product characteriza- 
tion one must match the environment in which the product 
was evaluated and make sure that National’s implementa- 
tion of load configuration, board, and DUT connection is 
followed as shown below. 


Unique device pinouts, (20-, 24-, 48-lead, etc.) are used to 
obtain picosecond accuracy and repeatability. For this rea- 
son NSC recommends values of lumped and distributed ca- 
pacitance used on its AC fixtures to prevent large variations 
in speed affected by transmission line capacitance. 


Bare Board Front Layout Shown 





TL/F/11560-1 


FIGURE 36. 28-Pin SOIC TOP (Viewed from Top) 
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Characterization Fixture (Continued) 


Bare Board Back Layout Shown 
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TL/F/11560~2 
FIGURE 37. 28-Pin SOIC BOTTOM (Viewed from Top) 





The blank AC fixture board can be used to implement the following input and output loads and terminations to provide the most 
repeatable environment in which to test a device. : 


smb 


r1 = 560 
r2 = 4500 


TL/F/11560-3 
FIGURE 38. Input 


smb 
TL/F/11560-4 


FIGURE 39. Output (TRI-STATE/Open Collector) 
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Characterization Fixture (Continued) 


TL/F/11560-5 


FIGURE 40a. Output (2-State) 


Note: TRI-STATE and Vi} busses are bypassed to ground with a 0.1 ».F capacitor Vj4/TRI-STATE Buss. 


Banana connector 
switch 


c2 


a Bie 


c2 = 0.1 pF TL/F/11560-6 


FIGURE 40b 


INPUT JACK ------------- Os 


MONITOR JACK -----------------2--- ; 


OQ 
e) 
COS 


oy 
Q07~°9 


COTS, 


CQ)” PIN 28%(Voq DEDICATED) 
'e; OQ a, CAP. 
O 


r2,.4500 (BOTTOM) 


OOo. = 


TL/F/11560-7 


FIGURE 41. Component Placement on PC Board 


National’s AC fixture has the advantage of providing: 
— low inductance Vcc and GND connections 


— Vcc and GND planes to minimize cross talk and en- 


hance power supply by-passing 

— equal length 509 impedance signal and monitor lines to 
eliminate skew 

— 5002 input termination for ease of use 

— 10:1 voltage reduction of the input and output signals to 
provide ease of use with standard oscilloscope inputs 


— TRI-STATE load is integrated onto the same AC fixture 
and is connected via jumper to alleviate shunting effects 
when it is not required 


Traces are spaced, and monitor lines are placed, on a differ- 
ent plane than the signal lines to reduce cross talk. 
Figure 42 shows a cross section of layers used in the manu- 
facture of National’s AC test board. Vias in the signal trace 
are not used to ensure bandwidth. Ground connections are 
directly underneath the DUT to reduce the distance to the 
ground plane. Sense resistors are located directly adjacent 


* to the DUT to reduce reflections. 
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Characterization Fixture (Continued) 


For connection of the device to the board, a custom socket 
firmly presses the device against the board traces without 
any layers in between that add inductance or change their 
resitivity over temperature. The socket provides a minimum 
of contact resistance for the most accurate results. National 
designed a custom surface mount socket that provides the 
needed performance without damaging the device under 
test. Because of its shape and appearance, we call it the 
ferrari fixture. 


In the characterization of National’s product, we made ef- 
forts to correlate performance with other manufacturers. If a 
customer wishes to verify NSC results and requires an AC 
fixture, we recommend using Signetics AN-602 to build one. 
While the board that National uses is probably cost equiva- 
lent to the Signetics board, the socket used is expensive. If 
you wish to build a National fixture, please call the factory at 
1-800-341-0392 and ask for applications. We can provide 
you with the component and manufacturer list for a Nationa! 
board along with a socket. 


FR4 DIELECTRIC 


0.015+0.0015 


FR4 DIELECTRIC 


Voc [M3] 


0.095 + 0.005 FR4 DIELECTRIC 


0.01540.0015 


ADJUST FOR OVERALL THICKNESS 


FR4 DIELECTRIC 


0.01540.0015 


FR4 DIELECTRIC 


0.01540.0015 


| 


TL/F/11560-8 


FIGURE 42. Layer Stacking Diagram 
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ZA National 


Semiconductor 


Quality and Reliability 


Introduction 


Product qualification is a disciplined, team activity which fo- 
cuses on demonstrating, through the acquisition and analy- 
sis of engineering data, that a device design, fab process, or 
package design meets or exceeds minimum standards of 
performance. In most cases, this involves running samples 
of product through a series of tests which expose the sam- 
ples to operating stresses far in excess of those which 
would be encountered in even the most severe ‘“‘real life” 
operating environment. These tests are called either accel- 
erated stress tests or accelerated life tests. A properly de- 
signed qualification test sequence exposes, within a matter 
of days or weeks, those design, materials, or workmanship 
defects which would lead to device failure in the customer’s 
application after months or even years of operation. 


In order to be considered a “‘world class” supplier of semi- 
conductor devices, NSC designs and manufactures prod- 
ucts which are capable of meeting the reliability expecta- 
tions of its most demanding customers. While customer re- 
quirements and expectations vary on the subject of reliabili- 
ty requirements for devices, virtually all large users have 
general procurement specifications which establish failure 
rate goals or objectives for the suppliers of the components 
used in their products. 


Failure rate goals for infant mortality and long-term-failure- 
rate-in-service have been established for all NSC product 
lines. These goals are published internally at the beginning 
of each fiscal half-year (usually June and December). The 
actual performance of the product against these goals is 
measured monthly using life test data gathered from various 
sources including the Fast Reaction and Long Term Audit 
Program. Performance is reviewed every six (6) months by 
Reliability and Product Group management and adjusted as 
necessary to reflect customer expectations, competitive 
data, and/or historical performance trends. 


Given that product reliability is an overriding corporate ob- 
jective, and that any deficiency in design, materials, proce- 
dures, or workmanship, has a potential for adversely affect- 
ing the reliability of the product, Manufacturing and Engi- 
neering organizations within NSC, its subsidiaries, and its 
sub-contractors, involved in introducing a new device, pro- 
cess, or package, share a joint responsibility for demonstrat- 
ing that the product does conform to NSC standards and to 
the standards and expectations of NSC’s customers. 


As a matter of policy, it is NSC’s goal to design and manu- 
facture product that is 100% defect-free and capable of sur- 
viving the qualification tests with zero failures. This policy is 
not interpreted as a directive to abandon a qualification pro- 
gram when failures occur or to delay new product releases 
-until perfection has been achieved. Rather, the policy is in- 
tended to focus engineering resources on the identification 
and elimination of the design, process, or workmanship defi- 


ciencies that are the root causes of the failures and then to 
engineer a solution to correct those deficiencies. 


Results from the initial qualification for the ABTC family are 
published in the BiCMOS LOGIC self qualification hand- 
book. Additional stress testing is performed regularly as a 
reliability monitor as part of the Fast Reaction Program and 
Long Term Audit Program. The BiCMOS Logic self qualifica- 
tion handbook contains the data typically requested by cus- 
tomers as part of joint qualification programs in addition to 
detailed explanations of all tests performed. The BiCMOS 
Logic self qualification handbook may be obtained by con- 
tacting Logic QA at 1-800-775-8100, x8208. 


Qualification Requirements for 
Logic Integrated Circuits 


Test Test Test/Stress 
Method Conditions 
Operating Life |SOP-5-049-RA] 1000 Hours 77 
Method 107 @Tp = 125°C 

High Tempera- |SOP-5-049-RA| 1000 Hours 45 
ture Storage Method 103 @150°C 
Temperature SOP-5-049-RA| 1000 Cycles 77 
Cycle Method 105 —65°C to + 150°C 
Temperature SOP-5-049-RA| 1000 Cycles 
Cycle with 


‘ |Preconditioning 


Temperature- 
Humidity-Bias 


with Precon- 


Autoclave Method 101 | 500 hours 

121°C @ 15 psig 
Thermal Shock Method 106 | 100 Cycles 

—65°C to + 150°C 


Salt Atmosphere} Method 209 | 25 Hours 35°C 


Resistance to Method 207 | 4 Solvents 
Solvents 
Lead Integrity Method 205 | Condition as 
Appropriate 
to Package 
Solderability Method 203 | 8 Hour Steam 
5 secs @260°C 


Solder Heat ~ Method 204 | 12 secs 260°C 
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Quality Information and Communi- 
cation (QUIC) System 


BACKGROUND 


National’s Quality Assurance Systems Development group 
(QASD) maintains a variety of data tracking systems such 
as: Electronic Reliability Data Management (ERDM), Failure 
Analysis (F/A), Burn-in Board Inventory, and a number of 
others. 


QUIC users will find a user friendly, menu-driven, real-time 
system that gives them a simultaneous-user environment 
with timely data inputs from sites around the world. QUIC is 
programmed to recognize each individual user of the sys- 
tem at the point of logging on to the mainframe, and pro- 
vides an appropriate list of menu options consistent with the 
user’s level of access requirements. 


National grants access to QUIC by customers that provides 
a sufficient level of security over the entire system, thus 
precluding the possibility of accidental access (or even 
damage) to various files. 


HOW A CUSTOMER LINKS TO QUIC 


1. Check to make sure you have the hardware components 
listed below. (An attached printer is desirable but not im- 
perative.) 


IBM/PC compatible computer with at least 128k memory. 


Hayes compatible 1200 baud modem (or 2400, 4800 or 
9600). 


Touch tone phone. 


. Request access to QUIC by contacting your National 
sales representative or Customer Service Center at 
1-800-272-9959, who will coordinate all activities neces- 
sary to provide access for your company and arrange 
training (usually handled over the telephone). 


. Identify the person who will be your company’s main con- 
tact and user of the QUIC system. This person will as- 
sume responsibility for the USERID assigned to your 
company and will receive training on how to access and 
use the QUIC system. 


. National will provide a USERID, password and account 
number with appropriate menus and a communications 
software package called EXECULINK, which allows the 
customer's PC to talk with NSC’s host computer and also 
turns the PC into a virtual host terminal, with full-screen 
editing capability and full use of program function (PF) 
keys. EXECULINK also provides for file transferring be- 
tween host and PC and spooling of print files to a PC-at- 
tached printer. 


ONGOING IMPROVEMENTS 


As we receive feedback from the users of QUIC, we (QASD) 
will continue to enhance the ‘User Friendliness” of the sys- 
tem and add new features which, we hope, will help pro- 
mote a true sense of teamwork between us and our custom- 
ers. . 


Wafer Level Reliability (WLR) 


BACKGROUND 


The conventional methods of reliability screening, that of 
short-term burn-in to eliminate infant mortalities and long- 
term life tests at high temperature, will soon become im- 
practical for many devices. The reasons for this are tighter 
infant mortality ppm requirements, higher costs, and short- 
ened lifetimes. 


As device complexity increases, the testing sample size re- 
quired to ensure infant mortality ppm levels in the 0-10 ppm 
range will quickly deplete reliability test capacity. While 
burn-in eliminates inferior devices, it can also substantially 
shorten the lifetimes of “good” devices to an unacceptable 
level, creating an expensive and somewhat risky procedure. 
New technology advances which minimize geometry, have 
moved our device lifetime distributions closer to our custom- 
er’s expected system life. As device geometries shrink, re- 
sulting in higher current densities, electric fields, and chip 
temperatures, tighter fab process control and instant feed- 
back become critical. 


THE GOAL OF WAFER-LEVEL-RELIABILITY TESTING- 
PROCESS RELIABILITY 


Wafer-level-reliability testing represents a proactive, correla- 
tion and control approach to ensuring device reliability. WLR 
is not meant to replace classical reliability testing. Instead it 
is used to supplement existing methods. 


WLR testing is used to: 


1. Identify shifts in On-Line Process Controls (fab moni- 
tors) which affect product reliability. 


2. Reduce process qualification cycle time. 
3. Improve process qualification success rate. 


4. Assess reliability trends of production processes. 
5. Quantify the reliability impact of process modifications. 


WLR provides faster feedback for fab process control. The 
collection of WLR test data during and at the end of wafer 
fab processing provide a reliability baseline for each of our 


fab processes. Shifts in WLR test results, whether intention- 


__al(a process change or qualification) or unintentional (a pro- 


cess control problem), signal an increase or decrease in 
product reliability risk. WLR monitoring of production pro- 
cesses using Statistical Quality Control (SQC) techniques 
provides engineering with the information required to find 
and fix process control problems faster, and to determine 
the effectiveness of on-line process controls from a reliabili- 
ty standpoint. In this way, WLR testing is used to link on-line 
process controls to the traditional accelerated life testing 
methods. 


’ NATIONAL’S WLR PROGRAM 


National developed a corporate-wide WLR program which 
continues to implement powerful, new test techniques. WLR 
testing has been used effectively to help understand how 
process variability affects product reliability. It is also used 
to help build-in reliability at the design stage for new pro- 
cess technologies such as that used by.ABTC, a 1.0 um 
BiCMOS process. 


WLR tests and test structures have been designed to in- 
crease the likelihood and predict a rate of a reliability failure 
mechanism occurrence. In addition, National has developed 
a partnership with a leading parametric test system supplier. 
Working together, a WLR test system was designed and 
developed to meet the unique requirements of Wafer-Level- 
Reliability testing. These systems are capable of testing to 
the voltage, current, and temperature extremes required for 
inducing the desired failure mechanisms in a short period of 
time. Some examples of the reliability failure mechanisms 
that are monitored using WLR techniques include: 





Wafer Level Reliability (WLR) (continueg) 


Interlayer Dielectric Integrity 


Unique high voltage testing (to 1500V) is used to test for . 
dielectric particles, metal hillocks or contamination, and 
poor dielectric stop coverage. Designed experiments 
have been successful in correlating the high voltage 
WLR test results to fab process monitors (such as depo- 
sition temperature and etch selectivity), and to accelerat- 
ed life test results (Op-life, Temp Cycle, and Thermal 
Shock). 


Meta! Step Coverage 
High current testing of large area metal serpentine struc- 
tures is performed to detect restrictions in the conducting 
stripe. Designed experiments have been successful in 
correlating the high current WLR test results to fab pro- 
cess monitors such as metal thickness, critical dimen- 
sions, and via size. 


Mobile lons 
A 200°C hot chuck is used with custom-built high temper- 
ature probe cards to accurately measure transistor 
threshold voltage shifts for a variety of oxide layers. Oth- 

’ er methods for detecting mobile ion contamination in- 
clude the use of self-heated polysilicon gate test struc- 
tures and Triangular Voltage Sweep (TVS) test tech- 
niques. 

Metal Stress Voids 
High current resistance measurements are taken before 

_ and after wafers are processed through a series of heat- 

ing and cooling cycles. This heat treatment is designed 
to mimic the high temperature processing incurred during 
device assembly (such as a seal-dip furnace), and it has 
been shown to accelerate metal void formation when the 
stress of the overlying film is high enough. Significant 
increases in the final resistance indicate the formation of 
metal stress voids. 


Gate Oxide Integrity: 
JEDEC Jramp, Vramp and Qap test techniques are used 
to monitor gate oxide quality. The WLR tester is also 
used to perform very sensitive leakage current measure- 
ments, using a specially designed picoammeter module, 
which allows us to detect subtle differences in gate oxide 
quality. 

Passivation Integrity 
A novel wafer-level-autoclave test technique has been 
developed which allows us to quantify the level of protec- 
tion the passivation film provides when the wafer is sub- 
jected to a high temperature, high humidity environment. 


Hot Electron Degradation ; 
Two wafer level tests are performed to indicate device 
susceptibility to hot electron damage. First, the maximum 
substrate current is measured to indicate the level of im- 
pact ionization occurring at the drain edge. Second, gate 
current measurements are taken to gauge the magnitude 
of electron injection during device operation. Long-term 


DC stressing of transistors at peak substrate current con- 


ditions is also monitored. 


Electromigration 
A Standard Wafer Electromigration Accelerated Test 
(SWEAT) technique is used to measure the sensitivity of 
a metal line to electromigration failures. SWEAT is used 
as a relative test of the reliability of a line. 


Contact Electromigration 
Risk of failures due to contact spiking and solid phase 
epitaxial growth (SPEG) are monitored by forcing current 
through specially designed test structures, and monitor- 
ing increases in resistance and substrate leakage. 


Electrostatic Discharge 
Sensitivity (ESD) 


National ABTC logic has designed special dual-rail ESD 
protection circuitry to increase its level of ESD perform- 
ance over non-protected inputs and outputs. This protec- 
tion is standard on all ABTC designs and was first used in 
National’s FAST® family. 


By design, this circuitry limits product vulnerability to both 
positive and negative Human Body Model (HBM) ESD 
and Electrical Overstress (EOS) voltages by protecting 
inputs and outputs connected to Vcc as well as ground. 
Protection to ground is provided through the transistor 
Q2 and diode D2, standard Schottky clamp. The path to 
Vcc is protected through the BVCEO breakdown mecha- 
nism of Q1. Diode D1 ensures isolation of the input or 
output from Voc leakages. 


The device design and layout ensures dependable turn- 
on characteristics as well as robustness. 

ESD protection was achieved with no appreciable affect 
on speed or increase in capacitance. 


ESD Protection Circuit 


Voc 


Qi 


INTERNAL 
CIRCUITRY 


OUTPUT 


TL/F/11564-1 
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Electrostatic Discharge 
Sensitivity (ESD) (Continued) 


ABTC logic ESD sensitivity is typically greater than 2000V, 
using the MIL-STD-883C, test method 3015 for Human 
Body Model (HBM) ESD. 

HBM Test Circuit 


R1 = 10M R2 = 15000 


rw, 
HIGH 
VOLTAGE 


POWER Ci = DUT 


SUPPLY l 100 pF ? 


TL/F/11564-2 


Normal handling precautions should be observed as in the 
case of any semiconductor. 


Power Sensitivities for Minimum 
Geometry Products 


The demand for high performance process technology ca- 
pable of sub 4 ns speeds, minimal noise and lower operat- 
ing voltages drives the microelectronics industry towards 
decreasing layout geometries. Advanced process technolo- 
gy minimizes gate widths, gate oxide thickness and junction 
depths to improve gate switching speeds. In contrast, the 
decreased geometries reduce the ability of the devices built 
on advanced processes to resist electrical overstresses. As 
geometries decrease, emphasis shifts towards the reduc- 
tion of environmentally induced electrical overstresses to 
ensure system and component reliability. 


Market trends continue to drive the need for smaller geome- 
tries with reduced power supply voltages. Current 5.0V tech- 
nologies are migrating towards 3.0V technologies while 
3.0V technologies have shown a greater sensitivity to elec- 
trical overstresses. Sensitivities to electrical overstresses 
have been observed in as large as 1.0 um geometries. 


Device damage from electrical overstresses vary and the 
categories include, but are not limited to: Electrical-Over- 
Stress (EOS) dus to excessive current of vollage exposure 
and Electro-Static-Discharge (ESD) be it exposure by Hu- 
man Body Model, Charged Device Model or Machine Mod- 
el. Sources of electrically induced overstresses are difficult 
to determine; however, investigation of failures from small 
geometry devices may show that environmental hazards 
such as unregulated and unconditioned power supplies in 
the field exceed “Absolute Maximum Ratings” causing un- 
recoverable device damage. 


Advanced processes such as BiCMOS include small dimen- ° 


sion current density limited geometries that are sensitive to 
electrically induced overstresses. The combination of inter- 
nal bipolar and CMOS gates provides current capabilities for 
maximum device performance. In an unconditioned supply 
environment, the bipolar section of a BiCMOS circuit can 
source excessive current through the CMOS section and 
cause damage due to the CMOS circuit’s current density 
limited geometries. 


In an effort to resolve device sensitivities to electrical over- 
stresses, designers and engineers can reference device da- 
tabooks. Databook specifications include ‘‘Absolute Maxi- 


. mum Ratings” and adherence to this specification is essen- 


tial in ensuring component and system level reliability. ° 


1. A. Amerasekera, A. Chatterjee, “An /nvestigation of BICMOS ESD Protec- 
tion Circuit Elements and Applications in Submicron Technologies”, 
EOS/ESD Symposium, p5B.6.1. 


Advanced BiCMOS and Latchup 
Testing 

Latchup in CMOS and bipolar circuits can vary in severity 
from being a temporary condition of excessive ICC current 
and functional failure, to total destruction requiring a new 
unit. The latchup condition is usually caused by applying a 
stimulus that is able to cause a regenerative condition in a 
PNP-NPN structure. For a more detailed description of defi- 
nitions and causes of latchup, see National Semiconductor 
Application Note 600 (located in the “FACT Advanced 
CMOS Logic Databook” Lit. # 400019). ; 


National has characterized its ABTC logic for robustness 
using the JEDEC 17 method and an IMCS 4600 Automated 
Latchup Test System. The automated test equipment ap- 
proach to latchup provides a repeatable test setup and ap- 
plication of test conditions, reduces the amount of time for 
evaluation, and provides a more comprehensive set of vec- 
tors and stimuli over a shorter period of time. 


The JEDEC 17 method is a standard measurement proce- 
dure for the characterization of CMOS integrated circuit 
latchup susceptability/immunity, measured under static 
conditions. The method allows for overcurrent/overvoltage 
stressing of inputs and outputs to detect latchup. 


In short the JEDEC 17 method follows a sequence of: 


1. Apply power 

2. Setup I/O conditions to place device in desired state 

3. Apply trigger source for desired duration 

4. Measure supply current _ 

5. Remove power supply if ICC = test limit 

6. Inspect for electrical damage 

The time for each parameter as well as the temperature is 
critical for correlation of latchup. National characterizes 
latchup on the ABTC family at 125°C and with the critical 
timing parameters on Table I. Close correlation can only be 
accomplished by using the same trigger duration, Vcc, test 
temperature, and magnitude of trigger stimulus. 


TABLE I. Critical Timing Parameters 


Symbol 
Stes Trigger Duration 500 us 





tcooL Cool Down Time 





Advanced BiCMOS and Latchup 


Testing (Continued) 


For ABTC products, logic states are checked for a suscept- 
ability to latchup with all outputs high, all outputs low and all 
outputs in TRI-STATE®. If the device is a bi-directional de- 
vice, then the logic states are tested in each direction. All 
inputs and outputs are tested for each logic state and direc- 
tion. 


Because the ABTC family is designed for live insertion, a 
Positive Voltage Trigger (PVT) and a Negative Current Trig- 
ger (NIT) is applied to the inputs and outputs to check for 
latchup. 


Forcing a current in the positive direction overstresses the 
inputs and outputs by causing a breakdown. Such break- 
downs consume enough power in the breakdown area to 
cause the junction permanent damage. PVT stresses the 
inputs and outputs while keeping the input and output devic- 
es out of any breakdown region. 


Finally all inputs and outputs have clamp diodes, requiring a 
negative current trigger as a stimulus for latchup. The clamp 
diodes are designed to allow current flow into ground with- 
out injecting carriers into the substrate that could cause a 
parasitic PNP-NPN. Supply and stimulus values used by Na- 
tional for latchup testing the ABTC family are in Table II. 


7.0V 


5.5V 


Vec 
ov 


TRIGGER 
SOURCE (V/I) 


[ee See 


SEQUENCE 


TABLE II. Supply and Stimulus Values 


[Stimulus | Parameter | Voc | Stimulus _| 
PVT Positive Voltage 
: + 
Trigger 


Verification of any unusual observations is performed with a 
curve tracer manually. For example, when ABTC outputs 
are brought below ground, the NMOS transistor feeding cur- 
rent to the bipolar output will turn on and current from Voc 
will come out of the output pull-down device. This condition 
is unavoidable by design and is not latchup. Thus good 
analysis of observations will tell one whether latchup has 
occurred. 


Due to the high trigger stresses, devices used for latchup 
testing should be discarded and not used for design, pro- 
duction, or other tests. Latchup testing is potentially de- 
structive and may limit the life of a device. 





> 


FIGURE 1 
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ABTC Design 
Considerations for Fault 
Tolerant Backplanes 


INTRODUCTION 


National Semiconductor’s high speed Advanced BiCMOS 
Technology, ABTC is a 1.0 pm process product introduced 
to provide a high speed fault tolerant solution for interface 
needs. Some of the targeted interface environments include 
computer servers, mainframes and central office switches. 


Each of these interface environments suffer from glitching 
or level degradation on their backplane or bus, generated 
from either live insertion of a board or a power up and down 
cycle used when performing maintenance on a system. 
Board designers need to address live insertion and power 
cycling requirements when designing. a fault tolerant sys- 
tem. Definitions and applications of live insertion and power 
cycling change based on the product that interfaces with a 
backplane environment. 


Discussion of a fault tolerant benefits from a review of defi- 


nitions and solutions for fault tolerant interfacing and a re- | 


view of device specs and how they contribute to a fault 
tolerant environment. 


DEFINITION OF TERMS 
— Live Insertion 


Boards like those seen in a telephone company’s central 
office switch are often removed and inserted while the 
backplane remains active. Insertion and removal gener- 
ates glitches and voltage level changes on the back- 
plane. The level of isolation that a board mounted inter- 
face device provides the backplane can be broken down 
into three major groups. 


— 1st Level of Isolation is defined as the ability of the 
interface devices to allow insertion of the board to 
which it is mounted without having to power the sys- 
tem down. Requirements include a method of sus- 
pending the bus activity to prevent glitch or level cor- 
ruption of bus data. 


2nd Level of Isolation is defined as the ability of the 
interface devices to allow insertion of the board with- 
- out the need to power the system down or suspend 
bus activity. Requirements include a method by 
which the bus can check for, and correct, faults intro- 
duced on the backplane during board insertion or a 
method for providing proper biasing of the board in- 


terface devices with a staggered pin arrangement on | 


the board-backplane connector. Precondition biasing 
circuitry for the interface device may also provide the 
required isolation. 


3rd Level of Isolation is defined as the ability of the 
interface devices to allow board insertion without any 
limitations, restrictions or requirements of other cir- 
cuits on the preservation of bus data. 
The level of isolation that an interface device mounted 
on a board provides for the backplane has a direct im- 
pact on system uptime. Increasing levels of isolation al- 
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low for increased serviceability without system interrup- 
tion. Board isolation provided by an interface device 
gives more freedom to the designer for focusing on pur- 
pose built board functions, reducing board design com- 
plexity and ultimately, board cost. ABTC products reward 
the board designer and the board user these Benealts 
with a 2nd Level isolation solution. 


Fault Tolerance 


Fault tolerance in a backplane environment is the ability 
of the bus to detect and/or correct errant signals from 
any source including glitches, level changes, etc., gener- 
ated from the insertion or extraction of a board into a 
backplane. A system populated with ABTC products 
minimizes the need for errant signal processing associ- 
ated with the live insertion and extraction process when 
biased correctly. 


Power Up/Down TRI-STATE® 


When the devices that interface with the backplane pow- 
er up or down, their connection to the bus will ideally 
maintain a high impedance state. With respect to the 
ABTC product family, the output enable circuitry has 
control of the output state of the interface device during 
power up and down so as to prevent intermittent low 
impedance loading or glitch generation commonly asso- 
ciated with conventional CMOS and Bipolar devices. 


Partial System Power Down 


Partial system power down implies that a system com- 
prised of a combination of hardware and firmware pro- 
vides power switching control of a backplane slot to al- 
low for insertion, or removal of a board. Partial system 
power down facilitates system serviceability. Board- 
mounted ABTC interface products enhance serviceabili- 
ty for permitting backplane: slot power cycling while 
maintaining high impedance, glitch free isolation with the 
board and its backplane. 


SOLUTIONS FOR FAULT TOLERANT INTERFACING 


The achievement of a fault tolerant system solution with live - 


insertion capabilities begins with a review of some of the 
bus protection solutions available. Options available to the 
ABTC product family include: 


— Staggered Pin Arrangement 


For a PC edge connector arrangement, the solution in 
Figure 1 can be adopted to provide proper biasing of the 
output enable pin (QE) to ensure high impedance on the 
backplane. It will satisfy both insert and removal require- 
ments. While this configuration provides an ideal con- 
nector, constraints often limit the number of different pin 
lengths to two. By offsetting the OE pin, we want to en- 
sure that it will either reach a high level of =2.0V, before 
Vcc is applied, or that OE will maintain a 250% Voc 
level during the Vcc ramp. 
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FIGURE 1 


— Isolation Circuitry 


tsolation circuitry provides another option for board and 
backplane isolation. Again, this solution will provide the 
necessary OE pin biasing to assure a level of 2.0V or to 
assure OE maintains >50% of Vcc as Vcc powers up 
or down for guaranteed high impedance interface to the 
backplane. 


The design of Circuit-1 below provides >50% of Vcc for 
the OE pin throughout the Vcc ramp then switches to a 
voltage level of a logic high once the ACOO reaches its 


turn-on Vcc. After board insertion, the MAINT switch is | 


opened and the LOGIC pin becomes the OE control. 
Live insertion or removal for this solution requires a tech- 
nician to manually operate the maintenance switch 
(MAINT) to ensure proper biasing of OE and board- 
backplane isolation. . 


Circult-1 


' Circuit Board 


Backplane 





MAINT ABT245C 
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SPECIFICATIONS AND THEIR CONTRIBUTION TO 
FAULT TOLERANT SYSTEMS 


DC specifications and their characteristic input/output 
curves help map out the loading effects’ of an interface de- 
vice on bus or backplane. The loading characteristics of typ- 
ical ABTC input and output pins are shown in Figures 2-4. 
National Semiconductor’s ABT245C characteristic curves 
are used for this demonstration. 


— Powered Down Backplane Isolation 


The power down leakage characteristics of a bus inter- 
face device assist the interface board designer in under- 
standing the effects of loading on his backplane. During 
live insertion, the board is not powered up and the in- 
stantaneous loading upon contact would look like the 
curves of VID and IZZ in Figures 2 and 3. Typically, load- 
ing leakages in the +200 pA range begin to affect the 


Vox/VoL levels in a backplane application. The VID and 
IZZ curves illustrate the loading effects on the back- 
plane over a range of backplane voltages from 0.0V to 
5.5V. 
— VID 
VID is a voltage that is measured on an input pin at a 
current loading of 1.9 A in a power off condition 
such as when Vcc and the non-measurement pins 
are at 0.0V. 
The curve of VID vs IID in Figure 2 shows the current 
leakage of a typical ABTC input pin. The ABTC inputs 
limit loading leakage to <1.9 pA over an input volt- 
age range from OV to 5.5V. 


SE-5 
“4E-5 
3E-5 
2E-5 
1E=5 
OE +0 
“1E-5 


lip (amps) 


Vip (volte) : 
TL/F/11554-4 


FIGURE 2 
IZZ 
ZZ is a current that is measured on an output pin 
at a voltage of 5.5V during a power off condition 


such as when Vcc and the non-measurement pins 
are at 0.0V. 


The curve of VZZ vs IZZ in Figure 3 shows the 
current leakage of a typical ABTC input/output 
(1/O) pin and how it loads a bus or backplane over 
a range of bus voltages from 0.0V to 5.5V. I/O pin 
configurations exhibit combined current character- 
istics from components of the input circuitry and 
output circuitry. ABTC 1/O pins specify loading 
leakage at 100 pA max. with a typical loading 
leakage at 3 pA at room temperature. 


Iz (amps) 


Vzz (volts) 
TL/F/11554-5 


FIGURE 3 





— Powered Up Backplane Isolation ao — IOZL/IOZH 
During power up operation, the output enable pin, OE, 5E-5 
controls backplane isolation. The |OZH/IOZL parame- 4E-5 
ters provide the interface board designer with the leak- 3E-5 
age characteristics of the interface device during a tri- 2E-5 
stated condition. 1E-5 
— 1OZL/IOZH ; OE +0 


IOZL is a parameter that quantifies the output leak- wIE-5 

age current while the part is powered up and the 4 : Ro 

output is conditioned low before it was tri-stated (dis- 

abled). IOZH is the same as IOZL except that the TL/F/11854-6 

output was conditioned high before being tri-stated. FIGURE 4 

The lOZL/H curve in Figure 4 shows an I/O pin leak- 

age characteristic during TRI-STATE operation over — Powering Cycling and Backplane Isolation 

a range of bus voltages from 0.0V to 5.5V. ABTC During the transition of a power up or power down cycle, . 

devices specify IOZH/L at a maximum of 50 pA an interface device output might act erratically by glitch- 

while typical leakage is in the vicinity of 12 pA at ing or seeking a voltage level that is disruptive to the 

room temperature. backplane. These transition characteristics degrade 
fault tolerant systems and would increase system down 
time. 
The curves in Figures 5 and 6 demonstrate the capability 
of the ABT245C to maintain isolation from an active bus 
and provide a glitch free output while being powered up 
and down. With the OE pin conditioned high, Vcc was 
cycled between 0.0V and 5.5V to monitor the output 
voltage levels as they would appear on a bus. Bus loads 
of 1 kQ pull-up and pull-down were used. The bus volt- 
age level disruption is in the micro-volts range attesting 
to the minimal impact ABTC interface products would | 
have on the backplane. 
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FIGURE 5. Bus High Effects 
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FIGURE 6. Bus Low Effects 
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SUMMARY 


ABTC interface devices offer glitch free power cycling pro- 
vided that the OE pin is held at the device specified Vj, 
(2.0V) level. Ir >ractice, OE will provide an output high im- 
pedance condition if OE maintains a level of >50% of Voc 
through the OV to 5.5V range. In fact, the OE pin circuitry 
gains control once Vcc is 21.0V. Interface device output 
characteristics for Voc levels before 1.0V are controlled 
through the isolation circuitry discussed earlier. 


ABTC designs and specifications recognize the need for 
more fault tolerant interface devices. Live insertion guaran- 
tees such as VID/IZZ, IOZL/H and glitch free power cycling 
all promote better system uptime, especially for telecom 
switching environments. Together with extended AC specifi- 
cations that reduce the need for complex performance eval- 
uations, ABTC live insertion guarantees allow designers to 
spend more time on total system performance features and 
not worry about the logic. 
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ABTC Applications 


Avoiding Bus Contention 


ABTC devices typically disable (to high impedance) faster 
than they enable (to active state) and therefore offer an 
inherent way to minimize bus contention. System designers 
must be aware of the effects of bus interface device expo- 
sure to contention. Some advice is offered in the following 
discussion. 


Ideally the system designer should insure that the disabling 
signa! to the active driver always precedes the enabling sig- 
nal to the next driver to insure minimum contention; i.e., 
tseTup time disable-to-enable should be a positive number. 
If the interface devices on the bus (as NSC ABTC devices 
typically do by design) exhibit disable times (tpyz/tpLz) 
quicker than enable times (tpz}/tpz,), then the tseTup time 
disable-to-enable can be reduced to zero or slightly nega- 
tive and not cause significant contention. 

The typical tsetup time is approximated from the typical 
enable/disable time specs: tseTyup disable-to-enable = 
tpLz — tpzH or = tpyz — tpzz; whichever yields the most 


positive number governs. Obviously if disable time is larger 
than enable time then tseTup is a positive time. Worst case 
tseTup is calculated from the min/max enable times: 
tpiz (max) — tpzH (min) or tpyz (max) — tpz_ (min) and will 
always yield a safer positive number. 

Data taken on a’245 function in a bus contention test fixture 


_may be helpful to illustrate the effects of varying the tsetup 


from a value which caused no contention to values which 
caused significant contention in Figures 1-3. 


No reliability data to calculate fit rates to support a degree of 
contention resilience is offered at this time. Deliberate con- 
tention is not recommended. For instance a designer should 
be rightly concerned about the magnitude of current that 
can flow when a 64 mA (min) bus interface sink (lo_) stage 
contends with a —225 mA (max) source (Ios) stage for a 
large overlap time period with multiple outputs switching. 
Particularly true for the newer bus interface parts like ABTC 
which have los specifications more negative than the 
—225 mA max. 
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ABTC Applications 


TEKTRONIX 
cT1 
"CURRENT XFMR 
NODE 1 MEASURE POINT 


74_245PC 
CONTENTION | 
SOURCE CURRENT 
DEVICE 


A INPUT - B INPUT 


Tsetyp DISABLE TO ENABLE 


100ns PW 


A 
INPUT (ENABLE) 


INPUT (DISABLE) 


HP54100 
SAMPLING 
SCOPE 


C1=0.01 uF 
C2=0.1 pF 
C3= 1.5 pF 
C4= 10 pF 


74_245PC 
CONTENTION . 
SINK CURRENT 
DEVICE 


‘TL/F/11561-1 


TL/F/11561-2 


FIGURE 1. ’245 Function Bus Contention Test Fixture 
Procedure: Adjust tsetup by varying the delay of B pulse. Monitor contention current of OR-tied B outputs at node 1. 
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At Tsetup = +1s, there is no contention current, merely normal capacitive charging during LH transition. Bus contention is measured with 8 outputs switching i in 
phase on both devices. This example used the 74F245PC, with the monitor on pin 18, Bout: 


FIGURE 2. Bus Contention Current 
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FIGURE 3. Output Response in Bus Contention Test Fixture 





ABTC Applications 


Power Down Characteristics 


Power-down characteristics provide the system designer’s 
with an understanding of the loading effects from a device 
when the device power supply is at 0.0V. The device’s pow- 
ered-down characteristics effect the system bus or back- 
plane in a number of ways and can be characterized by its 
input and output capacitance and current loading. The mea- 
sured parameters that provide the designers with loading 
information include; Cijyj/Coyt, input/output capacitance; 
IZZ, tri-stateable output power-down current loading; VID, 
input power-down current loading. ; 


A device’s input and output capacitance define the effectiv 

bus and backplane loading through the charging and dis- 
charging of the interface pins. ABTC devices have typical 
capacitance values of 5 pF for input pins and 9 pF for output 
pins, while I/O pins have a typical value of 11 pF. National 
tests capacitance in accordance with the procedures out- 


_ lined in the MIL-STD-883, method 3012. 


The power-down leakage characteristics of an ABTC device 
provide the effects of current loading on a bus or backplane. 
Typically, loading leakages in the +200 pA range begin to 
effect the VoH/Vo_ levels in a backplane application. The 
VID and IZZ curves in Figures 4 and & illustrate the loading 
effects on the backplane over a range of backplane volt- 
ages from 0.0V to 5.5V while the power supply is kept at 
0.0V. 


— VID 
VID is a voltage that is measured on an input pin at a 
current loading of 1.9 »A in a power off condition such 
as when Vcc and the non-measurement pins are at 
0.0V. 


The curve of VID vs IID in Figure 4 shows the current 
leakage of a typical ABTC input pin. ABTC inputs typical- 
ly limit loading leakage to <1.9 wA over an input voltage 
range from OV to 5.5V at room temperature. 
—1ZZ 

IZZ is a current that is measured on an output pin at a 
voltage of 5.5V during a power off condition such as 
when Vcc and the non-measurement pins are at 0.0V. 


The curve of VZZ vs IZZ in Figure 5 shows the current 
leakage of a typical ABTC input/output (I/O) pin and how 
it loads a bus or backplane over a range of bus voltages 
from 0.0V to 5.5V. I/O pin configurations exhibit com- 
bined current characteristics from components of the in- 
put circuitry and output circuitry. ABTC I/O pins specify 
maximum loading leakage at 100 pA with a typical load- 
ing leakage at 3 nA at room temperature. 


ABT245C 


ans 
@ 
a. 
€ 
& 
9 





TL/F/11561-5 


FIGURE 4 
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FIGURE 5 


Models 


National Semiconductor in conjunction with Quad Design, 


offers SPICE and TLC models for the system designer. 
Each model provides information on parameters that speed 
design-in activities. The description, use and availability of 
the two types of models is outlined below. 


SPICE 


Description: The SPICE input files are valid representations 
of the input, output, !/O and associated circuitry used on the 
logic device modeled. The circuit and device models were 
designed and verified using SPICE 2G6. National Semicon- 
ductor makes no guarantee that identical results will be pro- 
duced by other hardware/software combinations. Proper 
execution of these models is not guaranteed if any changes 
are made to its files. 


File Name Conventions: 
FFFDDDDS.TTT FFF — family code (ABT) 
DDDD — device designation (245) 
Ss — step revision of model file 
TTT — valid temperature of file 
with a preceding m 
representing minus 


Exceptions may be seen in file names such 
as 16 bit devices. 


Use: While SPICE simulation input files may be a useful and 
beneficial tool to the system designer for the purpose of 
modeling bus loading and DC drive characteristics, and due 
to the complexities indigenous to the modeling of transient 
phenomenon, National Semiconductor recommends that 
simulated results be supported by laboratory characteriza- 
tion prior to making final judgments regarding device tran- 
sient performance. 
The input files incorporate single bit models over cold, room 
and hot die temperatures as well as package models. 
Availability: If an ABTC product is orderable, the SPICE 
models is available through the Applications Engineering 
Group at National Semiconductor. 

333 Western Avenue 

South Portland, Maine 04106 

Telephone: (800) 341-0392 


TLC 


Description: Transmission Line Calculator, (TLC) Models 
provide the system designer with transmission line charac- 
teristics such as signal quality. TLC predicts ringing, under- 
shoot and overshoot, performs automated analysis of entire 
PCB designs and offers accurate delay data for ABTC prod- 
ucts. National provides AC, DC and capacitance character- 
istics for the model which Quad Design compiles and makes 
available for customers. The characteristics are generated 
either empirically or from SPICE simulations. The AC char- 
acteristics include output edge rate and the DC characteris- 
tics include output drive capacity and input/output leakage 
data. 

Use: The TLC models are most often used for signal analy- 
sis in PCB designs. TLC program features include predicta- 
bility of ringing, non-incident switching, undershoot, over- 
shoot, and time delay for networks of arbitrary topology and 
construction. The program may also be used to evaluate 
network loading and termination strategies. Additionally, 
TLC provides users with critical clock and backplane signal 
analysis tools as well as tools for viewing the effects of 


. tristate bus contention. 


Availability: TLC models on orderable product may be ob- 
tained by contacting: 


Quad Design 

1385 Del Norte Road 
Camarillo, California 93010 
Telephone: (805) 988-8250 
FAX: (805) 988-8259 
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54ABT/74ABT244C 


Octal Buffer/Line Driver with TRI-STATE® Outputs 


General Description 

The ’ABT244C is an octal buffer and line driver with TRI- 
STATE outputs designed to be employed as a memory and 
address driver, clock driver, or bus-oriented transmitter/re- 
ceiver. 


Ordering Code: see Section 11 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 
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Features 

m Non-inverting buffers 

m Output sink capability of 64 mA, source capability of 
32 mA 

m Guaranteed output skew 

m Guaranteed multiple output switching specifications 

m Output switching specified for both 50 pF and 250 pF 
loads 
Guaranteed simultaneous switching, noise level and 
dynamic threshold performance 
Guaranteed latchup protection 
High impedance glitch free bus loading during entire 
power up and power down cycle 
Nondestructive hot insertion capability 
Disable time less than enable time to avoid bus 
contention 


Truth Table 


toca | Coss | OE | ter | Os | 


X 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = High Impedance 


Description 


Output Enable Input (Active Low) 
Inputs 
Outputs 
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Absolute Maximum Ratings (note 1) 

lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 


Junction Temperature under Bias 

Ceramic — 58°C to + 175°C 

Plastic —55°C to + 150°C 
Vcc Pin Potential to 

Ground Pin ~—0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30 mA to +5.0mA 
Voltage Applied to Any Output 

in the Disabled or 

Power-Off State —0.5V to 5.5V 

in the HIGH State -0.5V to Voc 
Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 


DC Electrical Characteristics 


ABT244C 
Symbol Parameter 
Min 


Vin Input HIGH Voltage 
Vin Input LOW Voltage 
Vop Input Clamp Diode Voltage 


VoH Output HIGH Voltage 54ABT/74ABT 


| 
_— 
to . 


DC Latchup Source Current —500 mA 
Over Voltage Latchup (1/0) 10V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 

Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military — 55°C to + 125°C 
Commercial —40°C to + 85°C 


_ Supply Voltage 


Military +4.5V to +5.5V 
Commercial + 4.5V to +5.5V 
Minimum Input Edge Rate (AV/At) 
Data Input 50 mV/ns 
Enable Input 20 mV/ns 


Conditions 


= 
» 
< 
° 
re) 


Recognized HIGH Signal 
Recognized LOW Signal 
lin = —18mA 


s4aBt| 20 | | Min | to = ~12mA 





74ABT 


lon = —32mA 


2000 | Min 
Output LOW Voltage 54ABT Ty Pain lo. = 48 mA 
74ABT lo. = 64mA 
Vin = Voc 


Input HIGH Current Breakdown Test fT pA] Max | Vin = 7.0V 
—5 


Input LOW Current 


Vin = 0.5V 


vw — fr Vs 
YIN — 0.0V 


5 | pA Max 
Vio Input Leakage Test 4.75 Vv lip = 1.9 pA 
; All Other Pins Grounded 


lozH Output Leakage Current a 0 — 5.5V| Vout = 2.7V; OE, = 2.0V 


IcEx Output High Leakage Current 
lzz 
Ico. 


Iocz Power Supply Current 


locT Additional lcc/Input Outputs Enabled 
Outputs TRI-STATE 
Outputs TRI-STATE 


—100 


Iocp Dynamic Ico No Load 
(Note 2) 





Note 1: For 8 bits toggling, Iccp < 0.8 mA/MHz. 
Note 2: Guaranteed, but not tested. 
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0 — 5.5V| Vour = 0.5V; OE, = 2.0V 


Vout = 0.0V 

Vout = Vec 

Vout = 5.5V; All Others GND 
All Outputs HIGH 

All Outputs LOW 


OE, = Voc: 
All Others at Vcc or Ground 


Vi = Veco — 2.1V 

Enable Input V; = Voc — 2.1V 
Data Input V; = Voc — 2.1V 
All Others at Voc or Ground 


Outputs Open 
OE, = GND, (Note 1) 
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One Bit Toggling, 50% Duty Cycle 
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DC Electrical Characteristics (soic package) 


Conditions 
Parameter C. = 50 pF, 
Ry = 5009 


Quiet Output Maximum ae VoL Ta = 25°C (Note 1) 


=08 Ta = 25°C (Note 1) 
| Ta = 25°C (Note 3) 
Ta = 25°C (Note 2) 
Ta = 25°C (Note 2) 


Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested. 


Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV. to 3V. Input-under-test switching: 3V to threshold (Vi_p), 0V to threshold (ViHp). 
Guaranteed, but not tested. 





Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested. 


AC Electrical Characteristics (SOIC and SSOP package): See Section 2 


Ta = +25°C Ta = —55°C to + 125°C Ta = —40°C to + 85°C 
Parameter Veco = +5V Veco = 4.5V-5.5V Vec = 4.5V-5.5V 
oe C_ = 50 pF 


— 40°C to + 85°C Ta = —40°C to + 85°C A = —40°C to + 85°C 
Vec = 4.5V-5.5V Vec = 4.5V-5.5V ‘Voc = 4.5V-5.5V 
Parameter Cy = 50 pF C_ = 250 pF C_ = 250 pF 
8 Outputs Switching 1 Output Switching 8 Outputs Switching 
tier 4) ' (Note 5) (Note 6) 


Max Toggle Frequency eee ee eee 


1.5 5.0 1.5 
1.5 5.0 1.5 0 = 


1.5 2 : ; : . : : : ; 
1.5 
1.0 

1.0 (Note 7) (Note 7) le 


Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.). 


Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. This specification pertains to single output switching only. 


Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load. 


Note 7: The TRI-STATE delays are dominated by the RC network (500M, 250 pF) on the output and have been excluded from the datasheet. 
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Skew (soic package) 


Ta = —40°C to +85°C Ta = —40°C to + 85°C 
Vec = 4.5V-5.5V Vec = 4.5V-5.5V 
Parameter C_ = 50 pF C. = 250 pF 
8 Outputs Switching 8 Outputs Switching 
(Note 3) (Note 4) 


Pin to Pin Skew 
HL Transitions 


Pin to Pin Skew 
LH Transitions 

tps Duty Cycle 

(Note 5) LH-HL Skew 
Pin to Pin Skew 
LH/HL Transitions 
Device to Device Skew 
LH/HL Transitions 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tospi), LOW to HIGH (tos-H), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tos). The specification is guaranteed but not tested. 

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested. 
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.) 

Note 4: These specifications guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors 
in the standard AC load. 

Note 5: This describes the difference between the delay of the Low-to-High and the High-to-Low transition on the same pin. It is measured across all the outputs 





* (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested. 


Capacitance 


Parameter Conditions 
Ta = 25°C 


Note 1: Court is measured at frequency f = 1 MHz, per MIL-STD-883B, Method 3012. 





tp_Ly vs Temperature (Ta) tpy_ VS Temperature (Ta) 
Cy = 50 pF, 1 Output Switching C, = 50 pF, 1 Output Switching 


Jrre 


eae 


85°C 125°C 40°C 25°C 85°C 125°C 
TL/F/10992-11 TL/F/10992-12 


tp_y vs Load Capacitance tpy_ VS Load Capacitance 
1 Output Switching, Ta = 25°C 1 Output Switching, Ta, = 25°C 


TL/F/10992-13 TL/F/10992-14 


tp_y vs Load Capacitance tpy_ VS Load Capacitance 
8 Outputs Switching, Ta = 25°C 8 Outputs Switching, Ta = 25°C 
10.00 


9.00 





8.00 
7.00 
6.00 
5.00 
4.00 
3.00 
2.00 
1.00 


0.00 
50 pF 
TL/F/10992-15 aoe TL/F/10992-16 


Dashed lines represent design characteristics; for specified guarantees refer to AC Characteristics Table. 
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tpz_ vs Temperature (Ta) 
C_ = 50 pF, 1 Output Switching 


oo 
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85°C 125°C 
TL/F/10992-17 


tpzH VS Temperature (Ta) 
C, = 50 pF, 1 Output Switching 


85°C 125°C 
TL/F/10992-19 


tpzy VS Temperature (Ta) 
C, = 50 pF, 8 Outputs Switching 


TL/F/10992-21 


tp_z vs Temperature (Ta) 
C._ = 50 pF, 1 Output Switching 


85°C . 125°C 
TL/F/10992-18 


tpz Vs Temperature (Ta) 
C, = 50 pF, 1 Output Switching 


85°C 125°C 
TL/F/10992-20 


tpHz vs Temperature (Ta) 
C, = 50 pF, 8 Outputs Switching 


TL/F/10992-22 


Dashed lines represent design characteristics; for specified guarantees refer to AC Characteristics Table. 





tpz_ vs Temperature (Ta) 
a = 50 pF, 8 Outputs Switching 


85°C 
TL/F/10992-23 


tpz_ vs Load Capacitance 
8 Outputs Switching 
Ta = 25°C 

14.00 


12.00 


TL/F/10992~25 


tp_y and tpy, vs Number 
Outputs Switching Vcc = 5.0V, 
Ta = 25°C, C_ = 50 pF 


1 OUTPUT 4 OUTPUT 8 OUTPUT 
TL/F/10992-27 


0) 0 


tp_z vs Temperature (Ta) 
C, = 50 pF, 8 Outputs Switching 


TYP @ 4.5V 


TYP @ 5.5V 


TL/F/10992-24 


tpzH VS Load Capacitance 
8 Outputs Switching 
Ta = 25°C 


250 pF 
TL/F/10992-26 


Icc vs Frequency, 
Average, Ta = 25°C, 
All Outputs Unloaded/Unterminated 


0 20 30 40 50 60 70 80 90 10 


Frequency (MHz) 


0. 


TL/F/10992-28 


Dashed lines represent design characteristics; for specified guarantees refer to AC Characteristics Table. 
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54ABT/74ABT245C 


Octal Bidirectional Transceiver with TRI-STATE® Outputs 


General Description 


The ’ABT245C contains eight non-inverting bidirectional 
buffers with TRI-STATE outputs and is intended for bus-ori- 
ented applications. Current sinking capability is 64 mA on 
both the A and B ports. The Transmit/Receive (T/R) input 
determines the direction of data flow through the bidirec- 
tional transceiver. Transmit (active HIGH) enables data from 
A ports to B ports; Receive (active LOW) enables data from 
B ports to A ports. The Output Enable input, when HIGH, 
disables both A and B ports by placing them in a High Z 
condition. 


Features 

m@ Bidirectional non-inverting buffers 

m A and B output sink capability of 64 mA, source capa- 
bility of 32 mA 


Ordering Code: see section 11 


Logic Symbol 


Ay Ay Az Az Ag As Ag Az 
OE 


By B, Bp By By By By By 


TL/F/10945-1 


m Guaranteed output skew 

m Guaranteed multiple output switching specifications 

@ Output switching specified for both 50 pF and 250 pF 
loads 

m Guaranteed simultaneous switching, noise level and dy- 
namic threshold performance 

m Guaranteed latchup protection 

m@ High impedance glitch-free bus loading during entire 
power up and power down cycle 

@ Non-destructive hot insertion capability 

a Disable time is less than enable time to avoid bus 
contention 


Connection Diagrams 


Pin Assignment for DIP, 
Flatpak and SOIC 


TL/F/10945-5 


Pin Assignment for LCC 
(1 1 
L | 


| | 
G4} G5} fs} G2) Bs) 
B, Bs B, B, B 
fs eNO TL/F/10945-3 
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Pin Descriptions 


Pinnemes Description 


Output Enable Input (Active LOW) 
Transmit/Receive Input 

Side A Inputs or TRI-STATE Outputs 
Side B Inputs or TRI-STATE Outputs 
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Truth Table 


Bus B Data to Bus A 
Bus A Data to Bus B 
High Z State 

HIGH Voltage Level 


LOW Voltage Level 
mmaterial 


TL/F/10945-4 





UShe 
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Absolute Maximum Ratings§ (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias 
Ceramic 
Plastic 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Any Output 
in the Disabled or © 
Power-off State 
_ in the HIGH State 
Current Applied to Output 
in LOW State (Max) 


—55°C to + 175°C 
—55°C to + 150°C 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0mA 


—0.5V to 5.5V 
—0.5V to Voc 


twice the rated Io, (mA) 


DC Electrical Characteristics 


ABT245C 


Symbol Parameter Vcc 
Parameter Min Typ Max uate 


Vin Input HIGH Voltage 
VIL Input LOW Voltage 


DC Latchup Source Current —500 mA 
Over Voltage Latchup (I/O) 10V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial! 
Supply Voltage 
Military 
Commercial 
Minimum Input Edge Rate 
~ Data Input 
Enable Input 


— 55°C to + 125°C 
—40°C to + 85°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


(AV/At) 
50 mV/ns 
20 mV/ns 


Conditions 


Vv 


Recognized HIGH Signal 
Recognized LOW Signal 


Vop Input Clamp Diode Voltage Pte fv] Min lin = —18 mA (OE, T/R) 
Vou OutputHIGH | s4aBT/74aBT| 25 =| | Min | to = 3 MA (An, Bp) 


Voltage 





74ABT 


hy Input HIGH Current 


Ipvi Input HIGH Current 
Breakdown Test 

Iavit Input HIGH Current 
Breakdown Test (I/O) 

lit Input LOW Current 


“Vip Input Leakage Test 4.75 


hH + lozy | Output Leakage Current 
li + loz_ | Output Leakage Current 


los Output Short-Circuit Current —100 


IceEX. Output High Leakage Current 


lzz Bus Drainage Test 


IocH Power Supply Current 
IccL Power Supply Current 


locz | Power Supply Current 


psanpt | 20 Min 
p20 Tv | Min 


nA May 


— 
o 
= = = = E/E = = = % 
oO 


| 
nD 
“I 
a 


= —12mMA (An, Br) 
= —32 mA (An, Bn) 
= 48 mA (Ap, Bp) 
= 64 mA (An, Bp) 


Vin = 2.7V (OE, T/A) 
Vin = Voc (OE, T/R) 


5 


Vin = 7.0V (OE, T/R) 


= 
) 
x 


Vin = 5.5V (Ap, Bn) 
Vin = 0.5V (OE, T/R) 
Vin = 0.0V (OE, T/R) 


lip = 1.9 pA (OE, T/R) 
All Other Pins Grounded 


— 5.5V | Vout = 2.7V (Ap, Bn); OE = 2.0V 
— 5.5V | Vout = 0.5V (An; Br); OE = 2.0V 
Vout = 0.0V (An, Bn) 
Vout = Vcc (An: Bn) 


Vout = 5.5V (An, Bn); 
All Others GND 


All Outputs HIGH 
All Outputs LOW 


OE = Vcc, T/R = GND or Vcc; 
All Other GND or Vcc 
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DC Electrical Characteristics (Continued) 


ABT245C 
Parameter - Conditions 
: n 


Additional Outputs Enabled Vi = Voc — 2.1V 
Ioc/Input Outputs TRI-STATE OE, T/R Vi = Veco — 2.1V 
Outputs TRI-STATE Data Input Vj = Voc — 2.1V 
Ail Others at Voc or GND. 


Dynamic loc No Load Outputs Open 
(Note 2) OE = GND, T/R = GNDor Voc 
One Bit Toggling, 50% Duty Cycle (Note 1) 


Note 1: For 8 bits toggling, lcocp < 0.8 mA/MHz. 
Note 2: Guaranteed, but not tested. 


DC Electrical Characteristics (soic package) 


Conditions 
C. = 50 pF, R, = 5000 


Ta = 25°C (Note 1) 


| 50 | 
| 5.0 | Ta = 25°C (Note 1) 
| 50 | 
| 50 | 


Minimum High Level Dynamic Output Voltage 2.7 3.1 Ta = 25°C (Note 3) 
Minimum High Level Dynamic Input Voltage 2.0 1.7 Ta = 25°C (Note 2) 
Maximum Low Level Dynamic Input Voltage 0.9 0.6 | v | 50 | Ta = 25°C (Note 2) 


Note 1; Max number of outputs defined as (n). n-1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested. 


Note 2: Max number of data inputs (n) switching. n-1 inputs switching OV to 3V. Input-under-test switching: 3V to threshold (Vi_p), OV to threshold (Vip). 
Guaranteed, but not tested. 


Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested. 





AC Electrical Characteristics (soic and Ssop package) : See Section 2 for Waveforms 


Ta = +25°C Ta = —55°C to + 125°C Ta = —40°C to + 85°C 
Parameter Veco = +5V Voc = 4.5V-5.5V Vec = 4.5V-5.5V 
C. = 50 pF C_ = 50 pF 


Propagation Delay | 1.0 2.1 3.6 1.0 
Data to Outputs 10 24 36 1.0 
Output Enable 15 32 6.0 1.5 
Time: 1.5 3.7 6.0 1.5 
Output Disable 10 3.6 5.6 1.0 
Time 10 33 56 1.0 


— 40°C to + 85°C Ta = —40°Cto +85°C | Ta = —40°C to +85°C 
Vec = 4.5V-5.5V Vec = 4.5V-5.5V Voc = 4.5V-5.5V 
Parameter C_ = 50 pF C._ = 250 pF C_ = 250 pF 
8 Outputs Switching 1 Output Switching 8 Outputs Switching 


MaxToggle Frequency]! 100, | | 
2.5 8.5 


Propagation Delay : 5.0 1.5 6.0 : ; 
Data to Outputs : 5.0 1.5 6.0 2.5 8.5 
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Extended AC Electrical Characteristics (soic package): See Section 2 for Waveforms (Continued) 


— 40°C to + 85°C Ta = —40°C to + 85°C Ta = —40°C to + 85°C 
Voc = 4.5V~5.5V Vec = 4.5V-5.5V Vec = 4.5V-5.5V 
Parameter CL = 50 pF CL=250pF CL = 250 pF 
8 Outputs Switching ' 1 Output Switching 8 Outputs Switching 


mew 4) (Note 5) (Note 6) 


a 


Output Enable Time ce e : ki ° : : 9.5 
11.0 


Output Disable Time ibe (Note 7) (Note 7) Fas | 


Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i-e., all low-to-high, high- 
to-low, etc.). 

Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. This specification pertains to single output switching only. 

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load. 

Note 7: The TAI STATE delays are dominated by the RC network (5002, 250 pF) on the output and have been excluded from the datasheet. 


Skew (SOIC package) 


——- Ta = —40°C to + 85°C Ta = —40°C to +85°C 
Voc = 4.5V-5.5V Vcc = 4.5V-5.5V 
Parameter Cy = 50 pF Cy = 250 pF 
8 Outputs Switching 8 Outputs Switching 
(Note = = 4) 


Pin to Pin Skew 
HL Transitions 
tosLH Pin to Pin Skew 1.0 1.8 
- (Note 1) LH Transitions , ns 


trs Duty Cvyele 
(Note 5) LH-HL Skew 


Pin to Pin Skew 
LH/HL Transitions 
tpy Device to Device Skew 2.0 
(Note 2) LH/HL Transitions ° 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tosp), LOW to HIGH (tos.H), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tost). The specification is guaranteed but not tested. 

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested. 
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.) ; ; 

Note 4: These specifications guaranteed but not tested. The limits capibeart propagation delays with 250 pF load capacitors in place of the 50 pF toad capacitors 
in the standard AC load. 


Note 5: This describes the difference between the delay of the LOW- to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the . 
outputs (drivers) on the same ehip,: the worst femmes delta) number is the guaranteed specification. This specification is guaranteed but not tested. 


; ; Conditions 
| parameter | ye | ute Ta = 25°C 
a Input Capacitance | 8.0 | PF | Vcc = OV (OE, T/A). 
Ci7o (Note 1) 1/O Capacitance Voc = 5.0V (Ap, Bn) 


Note 1: Cio is measured at frequency f = 1 MHz, per MIL-STD-883B, Method 3012. 


_ Capacitance 





tp_y VS Temperature (Ta). 
C_ = 50pF, 1 Output Switching 


6.00 
oe ae ee 


—O—w———————4 


a a eee ee 
, ne re oe 


0.00 
-55°C -40°C 25°C 85°C 125°C 
TL/F/10945-14 
tp_y vs Load Capacitance 
1 Output Switching, Ta = 25°C 


TL/F/10945-16 


tp_y vs Load Capacitance 
8 Outputs Switching, Ta = —40°C to + 85°C 


tpy_ VS Temperature (Ta) 
C, = 50 pF, 1 Output Switching 


0.00 
~55°C -40°C 25°C 85°C 125°C 
TL/F/10945-15 
tpy_ vs Load Capacitance 
1 Output Switching, Ta = 25°C 


— 


TYP @ 5.5V 


oo 


TL/F/10945-17 


tpy_ VS Load Capacitance 
8 Outputs Switching, Ta = 25°C 
10.00 


9.00 
8.00 


oe See 
6.00 
pmo ase 


5.00 


4.00 


3.00 | 


TYP @ 5.5V 
2.00 





TL/F/10945-18 


a os 


0.00 
50 pF 
TL/F/10945-19 


Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Table. 
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tpz_ vs Temperature (Ta) 
C. = 50 pF, 1 Output Switching 


85°C 125°C 
TL/F/10945-20 


‘tpz_ vs Temperature (Ta) 
C. = 50 pF, 8 Outputs Switching 


85°C 
TL/F/10945-22 


' tpzH vs Temperature (Ta) 


C_ = 50 pF, 1 Output Switching 


85°C 125°C 
TL/F/10945-24 


5-16 


tp_z vs Temperature (Ta) 
C, = 50 pF, 1 Output Switching 


85°C 125°C 
TL/F/10945~21 


tp_z vs Temperature (Ta) 
C. = 50 pF, 8 Outputs Switching 


TL/F/10945-23 


tpHz vs Temperature (Ta) 
C._ = 50pF, 1 Output Switching 


Smal 


85°C 125°C 
TL/F/10945-25 


Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Table. 





Ose 


tpzy vs Temperature (Ta) tpyz vs Temperature (Ta) 
C. = 50 pF, 8 Outputs Switching C. = 50 pF, 8 Outputs Switching 


85°C 
TL/F/10945-26 TL/F/10945-27 


tpzy vs Load Capacitance tpz_ vs Load Capacitance 
8 Outputs Switching, Ta = 25°C 8 Outputs Switching, Ta = 25°C 


250 pF 
TL/F/10945~-28 TL/F/10945-29 





tp_y and tpy vs Number Outputs Switching Icc Vs Frequency, Average, Ta = 25°C, 
Voc = 5.0V, Ta = 25°C, C, = 50 pF All Outputs Unloaded/Unterminated 


GERERELER 


1 OUTPUT 4 OUTPUT 8 OUTPUT 
TL/F/10945-30 


Frequency (MHz) 


TL/F/10945-31 


Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Table. 
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ZA National 


Semiconductor 


54ABT/74ABT373C 


PRELIMINARY 


Octal Transparent Latch with TRI-STATE® Outputs 


General Description 


The 'ABT373C consists of eight latches with TRI-STATE 
outputs for bus organized system applications. The flip-flops 
appear transparent to the data when Latch Enable (LE) is 
HIGH. When LE is LOW, the data that meets the setup 
times is latched. Data appears on the bus when the Output 
Enable (OE) is LOW. When OE is HIGH the bus output is in 
the high impedance state. 


Ordering Code: see Section 11 


Connection Diagrams 


Pin Assignment 
’ for DIP, SOIC and Flatpak 


Vec 
0; 
D, 


Dg 
Q¢ 
05 
Ds 
Dy 
% 
LE 


TL/F/11547-1 


_PinNames | Description 


Data Inputs 


Latch Enable Input (Active HIGH) 
Output Enable Input (Active LOW) 
TRI-STATE Latch Outputs 





Features 

g@ TRI-STATE outputs for bus interfacing 

w@ Output sink capability of 64 mA, source capability of 
32 mA 

m Guaranteed output skew 

m Guaranteed multiple output switching specifications 

@ Output switching specified for both 50 pF and 250 pF 
loads 

m= Guaranteed simultaneous switching, noise level and 
dynamic threshold performance 

m@ Guaranteed latchup protection 

m@ High impedance glitch free bus loading during entire 
power up and power down 

m@ Nondestructive hot insertion capability 

ug Disable time less than enable time to avoid bus 
contention. 


Pin Assignment 
for LCC 
Ds D2 02 0 D, 
BS) 
/ Sd Wd et ed 


TL/F/11547-2 


Preliminary Data 
National Semiconductor reserves the right 
to make changes at any time without notice. 





Functional Description Truth Table 


The '‘ABT373C contains eight O-type latches with 

TRI-STATE output buffers. When the Latch Enable (LE) in- 

put is HIGH, data on the Dy inputs enters the latches. In this 

condition the latches are transparent, i.e., a latch output will 

change state each time its D input changes. When LE is 

LOW, the latches store the information that was present on 

the D inputs a setup time preceding the HIGH-to-LOW tran- 

sition of LE. The TRI-STATE buffers are controlled by the 

Output Enable (OE) input. When OE is LOW, the buffers are H = HIGH Voltage Level 
in the bi-state mode. When OE is HIGH the buffers are in L = LOW Voltage Level 
the high impedance mode but this does not interfere with X = Immaterial 
entering new data into the latches. Z'= High Impedance State 


DELE 


Logic Diagram 


Do 


TL/F/11547-3 
Please note that this diagram is provided only for the understanding of logic operations and should ‘not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 


Junction Temperature under Bias 
Ceramic 
Plastic 


Voc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 
Input Current (Note 2) 


Voltage Applied to Any Output 
’ in the Disabled or 
Power-Off State 
in the HIGH State 


Current Applied to Output 
in LOW State (Max) 


DC Electrical Characteristics 


Vin Input HIGH Voltage 
Vit Input LOW Voltage 
Vop Input Clamp Diode Voltage 


Vou Output HIGH Voltage 


—55°C to + 175°C 
—55°C to + 150°C 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to +5.5V 
—0.5V to Voc 


twice the rated Io, (mA) 


Min 


54ABT/74ABT 
54ABT 


74ABT 


-54ABT 
74ABT 


Input HIGH Current 


Input HIGH Current Breakdown Test 


Input LOW Current 


Input Leakage Test 


Power Supply Current 


Additional i¢¢/Input 





_ | Output LOW Voltage 


4.75 


— 100 


Outputs Enabled 
Outputs TRI-STATE 
Outputs TRI-STATE 


Dynamic Icc No Load 


(Note 2) 





Note 1: For 8 bits toggling, Iccp < 0.8 mA/MHz. 
Note 2: Guaranteed, but not tested. 


ABT373C 


| 
wo 
a i) 


DC Latchup Source Current —500 mA 
Over Voltage Latchup (1/0) 10V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 


Conditions 


Free Air Ambient Temperature 
Military 

- Commercial 

Supply Voltage 
Military 
Commercial 

Minimum Input Edge Rate 
Data Input 
Enable Input 


— 55°C to + 125°C 
— 40°C to + 85°C 


+4,.5V to +5.5V 
+ 4.5V to +5.5V 
(AV/At) 

50 mV/ns 

20 mV/ns 


Conditions 


Typ 
Recognized HIGH Signal 
Recognized LOW Signal 
lin = —18mA 


lon = —3mA 
lon = —12mA 
lon = —32mA 


lo. = 48mA 
lo. = 64mA 


Vin = 2.7V 
Vin = Voc 
Vin = 7.0V 


Vin = 0.5V 
Vin = 0.0V 


lip = 1.9 pA 
All Other Pins Grounded 


0 — 5.5V| Vout = 2.7V; OE = 2.0V 

0 — 5.5V| Vour = 0.5V; OE = 2.0V 
Vout = 0.0V 

Vout = Vcc 

Vout = 5.5V; All Others GND 
All Outputs HIGH 

All Outputs LOW 


OE =Vcc 
All Others at Vcc or GND 


Vi = Voc — 2.1V 
Enable Input V; = Vcc — 2.1V 
Data Input V; = Vcc — 2.1V 
All Others at Vcc or GND 


Outputs Open 
OE = GND, (Note 1) 
One Bit Toggling, 50% Duty Cycle 


=e] Ee 
= < 
Pe 


r tlelel3ie le 
5 [3/5 ]5/5 |B EE] < | 


mA 
mA 
mA 
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DC Electrical Characteristics (soic package) 


in Typ Max Voc Conditions 
inimum Hi 20 08 | 5.0 | 
12 07 | 5.0: | 


Minimum High Level Dynamic Input Voltage | 20 o8 | Ta = 25°C (Note 2) 
Maximum Low Level Dynamic Input Voltage ee ee V Ta = 25°C (Note 2) 


Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at Low. Guaranteed, but not tested. 


Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to theshold (Vi_p), OV to threshold (VjHp). 
Guaranteed, but not tested. 


Note 3: Max number of outputs defined as (n).n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested. 


AC Electrical Characteristics: see Section 2 for Waveforms (SOIC and SSOP package) 


74ABTC S54ABTC — 74ABTC 


Ta = +25°C Ta = —55°C to + 125°C Ta = —40°Cto +85°C 
Symbol Parameter Voc = +5.0V Voc = 4.5V to 5.5V Vec = 4.5V to 5.5V 
C_ = 50 pF C.. = 50 pF C_ = 50 pF 


Min Typ Max | Min Max 


Propagation Delay 1.5 1.5 4.0 
Dr to Opn 1.5 1.5 4.0 


Propagation Delay 1.5 1.5 4.5 
LE to Op, 1.5 1.5 4.5 
Output Enable Time 1.5 1.5 - 6.5 
1.5 1.5 6.5 
Output Disable Time | 1.5 15 6.0 
1.5 1.5 6.0 


AC Operating Requirements: see Section 2 for Waveforms 


74ABTC 54ABTC 74ABTC 


Ta = +25°C Ta = —55°C to + 125°C Ta = —40°C to + 85°C 
Parameter Vec = +5.0V Veco = 4.5V to 5.5V Vec = 4.5V to 5.5V 
Cy. = 50 pF C. = 50 pF 


Min Typ Max | Min Max | Min, Max 
ftoggie | Max Toggle 100 MHz 

Frequency 

Setup Time, HIGH 

or LOW D, to LE 

Hold Time, HIGH 1.5 

or LOW Dy to LE 1.5 

Pulse Width, 

LE HIGH 
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Extended AC Electrical Characteristics: see section 2 for Waveforms 
(SOIC package) - 


74ABTC 74ABTC © 


Ta = —40°C to + 85°C 
Voc = 4.5V to 5.5V 


74ABTC 


Ta = —40°C to + 85°C 
Vcc = 4.5V to 5.5V 



















Ta = —40°C to + 85°C 

























Symbol Parameter CL = 50 pF ar ay. CE errr. oe 
ie 8 Outputs Switching ‘alate 8 Outputs Switching ; 


(Note 4) (Note 6) 








Propagation Delay 


1.5 5.5 1.5 6.5 2.5 8.0 
Dn to On 1.5 5.5 1.5 6.5 2.5 8.0 
Propagation Delay 15. 6.0 1.5 7.0 2.5 8.5 
LE toO, 1.5 6.0 1.5 7.0 2.5 8.5 
Output Enable Time 1500 6.5 2.5 7.5 2.5 10.0 
1.5 6.5 25 7.5 2.5 12.0 
t Di ; 6.0 . 
Output Disable Time : zs (Note 7) (Note 7) } ns | 


Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH, 
HIGH-to-LOW, etc.). 


Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with’250 pF load capacitors in pice of the 50 pF load capacitors in 
the standard AC load. This specificaiton pertains to single output switching only. 


Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.¢., all LOW-to-HIGH, 
HIGH-to-LOW, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load. 


Note 7: The TRI-STATE delay times are dominated by the RC network (5002, 250 pF) on the output and has been excluded from the datasheet. 
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Skew (SOIC package) (Note 3) 


74ABTC 74ABTC 


Ta = —40°C to + 85°C Ta = —40°C to + 85°C 
Vec = 4.5V-5.5V Voc = 4.5V-5.5V 
















Symbol Parameter CL = 50 pF C, = 250 pF Fig. 
8 Outputs Switching 8 Outputs Switching No. 
(Note 4) 


















Pin to Pin Skew 
HL Transitions 


1.3 2.3 ns 
Pin to Pin Skew 1.0 
LH Transitions : 
Duty Cycle 
LH-HLSkew  - ee 
i aa Sa 
ee 


” 


‘tosHt 
’ (Note 1) 








toSLH 
. (Note 1) 





tps 
(Note 5) 


lost 





Pin to Pin Skew 
LH/HL Transitions 


(Note 1) 
tpy_. Device to Device Skew 
(Note 2): LH/HL Transitions . 





_ Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tospi), LOW to HIGH (tosiy), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tost). This specification is guaranteed but not tested. 


Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested. 


Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i-e., all LOW-to-HIGH, 
HIGH-to-LOW, etc.). ; 


Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. 


Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the 
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested. 
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Capacitance 


Can = 25°C) 


cw | input Capacitance | 5 | pF | pe | Vcc=0v | = 0V 
ei (Note 1) | Output Capacitance aE Voc = 5.0V 


Note 1: Cour is measured at frequency f = 1 MHz, per MIL-STD-883B, Method 3012. 
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ZA National 


Semiconductor 


54ABT/74ABT374C 


PRELIMINARY 


Octal D-Type Flip-Flop with TRI-STATE® Outputs 


General Description 


The ’ABT374C is an octal D-type flip-flop featuring separate 
D-type inputs for each flip-flop and TRI-STATE outputs for 
bus-oriented applications. A buffered Clock (CP) and Output 
Enable (OE) are common to all flip-flops. 


Features 

 Edge-triggered D-type inputs 

m™ Buffered positive edge-triggered clock 

m= TRI-STATE outputs for bus-oriented applications 

m Output sink capability of 64 mA, source capability of 
32 mA 


Ordering Code: see section 11 
Connection Diagrams 


Pin Assignment for DIP, 
SOIC and Flatpak 


1 
2 
3 
4 
5 
6 
7 
8 
9 
1 





TL/F/11510—1 


Pin Descriptions 


Pin 
Names Description 


Do-D7 | Data Inputs 


cP Clock Pulse Input (Active Rising Edge) 
OE TRI-STATE Output Enable Input (Active LOW) 


OQo-O7 | TRI-STATE Outputs 





m™ Guaranteed output skew 

mw Guaranteed multiple output switching specifications 

m@ Output switching specified for both 50 pF and 250 pF 
loads 

m= Guaranteed simultaneous switching, noise level and 
dynamic threshold performance 

m Guaranteed latchup protection 

m@ High impedance glitch free bus loading during entire 
power up and power down cycle 

m Non-destructive hot insertion capability 

m Disable time less than enable time to avoid bus conten- 
tion 


Pin Assignment 


for LCC 

Ds D, 0% 0 D 

DAHA 
0; [8] [3] 2 
GND [9 [Z10, 
cP [iy [oF 
Oo, BO] Veg 
D, [3] fo, 

(4 (5) 6) 02) 3) 

Ds 0; O Os D, 


TL/F/41510-2 


Preliminary Data 
National Semiconductor reserves the right to make changes at any time without notice. 
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Functional Description 


The 'ABT374C consists of eight edge-triggered flip-flops 
with individual D-type inputs and TRI-STATE true outputs. 
The buffered clock and buffered Output Enable are com- 
mon to all flip-flops. The eight flip-flops will store the state of 
their individual D inputs that meet the setup and hold time 
requirements on the LOW-to-HIGH Clock (CP) transition. 
With the Output Enable (OE) LOW, the contents of the eight 
flip-flops are available at the outputs. When OE is HIGH, the 
outputs are in a high impedance state. Operation of the OE 
input does not affect the state of the flip-flops. 


Logic Diagram 


rTHeroeecpciret 
SES Nee 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = High Impedance 


Function Table 


= LOW-to-HIGH Transition 


NC = No Change 


DPZe 


Data Available 
Data Available 
No Change in Data 
No Change in Data 





05 


04 


05 


05 


0, 


TL/F/11510-3 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, DC Latchup Source Current —-500 mA 
please contact the National Semiconductor Sales Over Voltage Latchup (I/O) 10V 
Office/Distributors for avallability and specifications. Note 1: Absolute maximum ratings are values beyond which the device may 
Storage Temperature —65°C to + 150°C be damaged or have its useful life impaired. Functional operation under 
Ambient Temperature under Bias —55°C to + 125°C Aeee conten. panel ener canes 8 ; 
. ; Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
Junction Temperature under Bias : : 
Ceramic —55°C to + 175°C Recommended Operating 
Plastic — 55°C to + 150°C wae 
V a Potential to . : Conditions 
CC : Free Air Ambient Temperature 
Ground Pin . —0.5V to +7.0V Military —55°C to +128°C 
Input Voltage (Note 2) —0.5V to +7.0V Commercial —40°C to +85°C 
Input Current (Note 2) —30 mA to +5.0 mA Supply Voltage 
Voltage Applied to Any Output Military +4.5V to +5.5V 
in the Disabled or Commercial +4,5V to +5.5V 
Power-Off State —0.5V to 5.5V Minimum Input Edge Rate (AV/At) 
in the HIGH State —0.5V to Voc Data Input 50 mV/ns 
Current Applied to Output Enable Input 20 mV/ns 
in LOW State (Max) twice the rated Io, (mA) Clock Input 100mV/ns 


DC Electrical Characteristics 


ABT374C 
Symbol Parameter Vcc Conditions 
Min’ Typ Max 


VIH 
Vit 
Vcp 
VoH 


Vip 


loZH 


loz. 


los 


IceX 


Izz 

ICCH 
Ice 
Iccz 
Icct 


locp 





finput iGHVotags———SSCS~S «(| *d Regi HIG Sia 
input OW Votage——S~idSSSSCS~S ||| Recgrized LOW Signa 
Output HIGH Voltage  S4ABT/74ABT| 25 = sd Vs Min: Jig = —3mA 

saapT| 20 | V | Min lon = —12mA 

74ABT | v | Min [low = —32mA 


Output LOW Voltage 54ABT Vv lo. = 48 mA 
74ABT 


lo. = 64mA 


Input HIGH Current VIN = 2.7V 
A Max 
ee a dn Vin = Voc 


Input HIGH Current Breakdown Test 7 Vin = 7.0V 





Input LOW Current -5 A Vin = 0.5V . 
—5 | » Vin = 0.0V 
Input Leakage Test - 4.75 Vv lip = 1.9 pA 
; All Other Pins Grounded 


Output Leakage Current | OS A | 0 — 5.5V| Vout = 2.7V; OE = 2.0V 
Output Leakage Current 0 — 5.5V| Vout = 0.5V; OE = 2.0V 


Output Short-Circuit Current —100 —275 Vour = 0.0V 
Output High Leakage Current P80 | A | Vout = Vcc 


Vout = 5.5V; All Others Voc or GND 
All Outputs HIGH 
All Outputs LOW 
OE = Vcc; All Others at Voc or GND 


Vi = Voc — 2.1V 

Enable Input Vj = Voc — 2.1V 
Data Input Vj = Voc — 2.1V 
All Others at Voc or GND 


Outputs Open 
OE = GND, (Note 1) 
One Bit Toggling, 50% Duty Cycle 


Additional Icc/Input Outputs Enabled A 
Outputs TRI-STATE A 
Outputs TRI-STATE 


2.5 

2.5 

2.5 
Dynamic Ioc No Load , 
(Note 2) Oats 


A 
pA 
pA 


m 
m 
mA 


Note 1: For 8-bit toggling, Iccp < 0.8 mA/MHz. 
Note 2: Guaranteed, but not tested. 
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DC Electrical Characteristics (soic package) 


Parameter Max Conditions 
TyP C. = 50 pF, Rt = 5000 


Quiet Output Maximum Dynamic VoL Ta = 25°C (Note 1) 
Quiet Output Minimum Dynamic Vo. ao Ta = 25°C (Note 1) 


Minimum High Level Dynamic Output Voltage 2.0 3.1 Ta = 25°C (Note 3) 
Minimum High Level Dynamic Input Voltage 2.2 0.8 Ta = 25°C (Note 2) 
Maximum Low Level Dynamic Input Voltage 1.2 0.8 Ta = 25°C (Note 2) 


Note 1: Max number of outputs defined as (n).n — 1 data inputs are driven OV to 3V. One output at Low. Guaranteed, but not tested. 


Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to theshold (Vi_p), OV to threshold (VjHp). 
Guaranteed, but not tested. 


Note 3: Max number of outputs defined as (n).n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested. 





AC Electrical Characteristics: sce Section 2 for Waveforms (SOIC and SSOP package) 


Ta = +25°C Ta = —55°C to + 125°C Ta = —40°C to + 85°C 
Vec = +5.0V Vec = 4.5V to 5.5V Vcc = 4.5V to 5.5V 
Parameter 
ee = 50 pF Cy = 50 pF a 50 pF 
| Min Typ Max Max 
Max Clock 
Frequency 
Propagation Delay 1.5 
CP to Op, 1.5 
1. 5 


Output Disable Time 


AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C Ta = —55°C to + 125°C Ta = —40°C to + 85°C 
Parameter Vec = +5.0V Voc = 4.5V to 5.5V Vec = 4.5V to 5.5V 


Setup Time, HIGH pee 2.5 

or LOW D, to CP 2.5 2.5 : 
Hold Time, HIGH i : 1.5 _ 

or LOW D, to CP 1.5 

Pulse Width, CP 3.0 

HIGH or LOW 3.0 
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Extended AC Electrical Characteristics: see Section 2 for Waveforms (SOIC package) 


74ABTC 74ABTC 74ABTC 
Ta = —40°Cto+85°C |° _ : Ta = —40°C to +85°C 
Voc = 4.5V to 5.5V yee is fone Veg = 4.5V to 5.5V 
Parameter "CL = 50 pF as i CL = 250 pF 


CL = 250 pF 


oe 5) 8 Outputs Switching 


(Note 6) 


8 Outputs Switching 
(Note 4) 


Progagation Delay 8.0 
CP to On 8.0 
Output Enable Time 10.0 
12.0 
Output Disable Time ie (Note 7). (Note 7) | ns | 


Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH, 
HIGH-to-LOW, etc.). 


Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in pice of the 50 pF load capacitors in 
the standard AC load. This specificaiton pertains to single output switching only. 


Note 6: This specification is guaranteed but not tested. The timits represent propagation delays for all paths described switching in phase (ie., all LOW-to-HIGH, 
HIGH-to-LOW, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load. 
Note 7: The TRI-STATE delay Time is dominated by the RC network (500, 250 pF) on the output and has been excluded from the datasheet. 


Skew (SOIC package) (Note 3) 


Ta = —40°C to + 85°C Ta = —40°C to + 85°C 
Vec = 4.5V-5.5V Voc = 4.5V-5.5V 
Symbol Parameter CL = 50 pF C. = 250 pF 
8 Outputs Switching 8 Outputs Switching 
= 3) eee 4) 


tosHL Pin to Pin Skew 
(Note 1) HL Transitions 
tosLH Pin to Pin Skew 
(Note 1) LH Transitions 
tes Duty Cycle 
(Note 5) LH-HL Skew 


. tost Pin to Pin Skew 
(Note 1) LH/HL Transitions 


tpy Device to Device Skew 
(Note 2) _ LH/HL Transitions 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tosy), LOW to HIGH (tosiH), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tost). This specification is guaranteed but not tested. 


Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested. 


Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH, 
HIGH-to-LOW, etc.). 


Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. 


Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. it is measured across all the 
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested. 


Capacitance 
| Parameter |_—typ_ —|__—units,—|__—Conditions (Ta = 25°C) 


InputCapacitance | 8.0 | 
Cour (Note 1) OutputCapacitanoe | a0 | 


Note 1: Court is measured at frequency f = 1 MHz, per MIL-STD-883B, Method 3012. 
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ZA National 


Semiconductor 


54ABT/74ABT541C 


Octal Buffer/Line Driver with TRI-STATE® Outputs | 


General Description 


The 'ABT541C is an octal! buffer and line driver with TRI- 
STATE outputs designed to be employed as a memory and 
address driver, clock driver, or bus-oriented transmitter/re- 
ceiver. The 'ABT541C is similar to the ’ABT244C with 
broadside pinout. 


Features 

@ Non-inverting buffers 

m Output sink capability of 64 mA, source capability of 
32 mA 

m Guaranteed output skew 


Ordering Code: see Section 11 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/11501-1 


Pin Assignment 
for LCC 
Ig Ig ly tg ly 


AOE 


(4) £5) fe) G2) fe) 


TL/F/11501-2 


Guaranteed multiple output switching specifications 
Output switching specified for both 50 pF and 250 pF 
loads ; 

Guaranteed simultaneous switching, noise level and 
dynamic threshold performance 

Guaranteed latchup protection 

High impedance glitch free bus loading during entire 
power up and power down cycle 

Nondestructive hot insertion capability 

Flow-through pinout for ease of PC board layout 
Disable time less than enable time to avoid bus conten- 
tion 


Truth Table 


| OEE, BTBAIC 


H 


Z 
Z 
L 


= HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 


| PinNames | Description 


OE, OE2 


lo-l7 
Oo-97 


Output Enable Input (Active Low) 
Inputs 
Outputs 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias 
Ceramic 
Plastic 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Any ages 
in the Disabled or 
Power-Off State 
in the HIGH State 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


DC Electrical Characteristics 


— 55°C to + 175°C 
—55°C to + 150°C 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to 5.5V 
—0.5V toVcc 


Vin___| Input HIGH Voltage eg We 


ABT541C 


DC Latchup Source Current —500 mA 
Over Voltage Latchup (I/O) 10V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 

Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 

Supply Voltage 
Military 
Commercial 

Minimum Input Edge Rate 
Data Input 
Enable Input 


ea 


—55°C to + 125°C 
—40°C to +85°C 


+4.5V to + 5.5V 
+4.5V to +5.5V 

: (AV/At) 
50 mV/ns 

. 20 mV/ns 


Conditions 


|_| Recognized HIGH Signal 


Vi__| Input LOW Voltage ae Recognized LOW Signal 
Vop__| Input Clamp Diode Voltage a ee lin = =18 mA 


VoH Ouput HIGH Voltage 54ABT/74ABT 
54ABT 


74ABT 





Vo Output LOW Voltage 


lon = —3MA 
lon = —12mA 
lon = —32mA 


54ABT e lo. = 48mA 
74ABT lo. = 64mA 


Vin = Voc 


Input HIGH Current 
Breakdown Test 


Input LOW Current 


Vin = 7.0V 
Vin = 0.5V 


' Poy 
Vin = 0.0V 


Input Leakage Test lip =.1.9 pA 
All Other Pins Grounded 


Output Leakage Current Eee Vout = 2.7V; OEn = 2.0V 
Output Leakage Current Po 50 | pA | 0 — 5.5V | Vout = 0.5V; OE, = 2.0V 


Output Short-Circuit Current —100 —275 | mA | Max | 


Vout = 0.0V 


JOutputHigh Leakage Current | 80 | WA | Max | Vour = Voc 
[BusDrainageTest_ | 100 | WA | 0.0 | Vour = 5.5V; All Others GND 
[Power Supply Current | 8 | A | Max _| All Outputs HIGH 
ee ee All Outputs LOW 


Power Supply Current 


Additional Icc/Input Outputs Enabled 


No Load 


Dynamic loc 
(Note 2) 





Note 1: For 8 bits toggling, Iccp < 0.8 mA/MHz. 
Note 2: Guaranteed, but not tested. 


Outputs TRI-STATE 
Outputs TRI-STATE 


OEn = Vee; 
All Others at Voc or Ground 


Vt = Voc — 2.1V 
Enable Input Vj = Vcc — 2.1V 
Data Input V; = Voc — 2.1V; 
All Others at Voc or Ground 


Outputs Open, OE, = GND, 
One Bit Toggling (Note 1), 
50% Duty Cycle 





DC Electrical Characteristics (soic package) 


Conditions 
C. = 50 pF, Ry = 5000 


| 0 | Ta= 256 (Note) 
. Ta = 25°C (Note 1) 
78 Ta = 25°C (Noto 3) 
201. Ta = 25°C (Note 2) 
| 0 | Ta = 25°C (Note 2) 


Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested. 

Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to threshold (Vi_p), OV to threshold (Vipp).° 
Guaranteed, but not tested. 

Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested. 


AC Electrical Characteristics (soic ana ssop package) : See Section 2 © 


Ta = —55°C to + 125°C Ta = —40°C to + 85°C 
Parameter Vec = 4.5V-5.5V Veco = 4.5V-5.5V 
C. = 50 pF 
Min Typ Max | Min Max | Min, Max 


Propagation Delay 10 20 3.6 
Data to Outputs 1.0 2.4 3.6 
Output Enable Time | 1.5 3.1 6.0 
1.5 3.7 6.0 
Output Disable Time | 1.0 35 5.6 
10 31 £56 


—40°C to + 85°C Ta = ~—40°C to + 85°C Ta = —40°C to + 85°C 
Vec = 4.5V-5.5V Vec = 4.5V-5.5V Voc = 4.5V=-5.5V 
Parameter C, = 50 pF C. = 250 pF Cy, = 250 pF 
8 Outputs Switching 1 Output Switching . 8 Outputs Switching 
(Note 4) (Note 5) (Note 6) 


5.0 


Propagation Delay 1.5 : 1.5 6.0 2.5 8.5 
Data to Outputs 1.5 5.0 1.5 6.0 2.5 8.5 
Output Enable Time 1.5 6.5 2.5 75 
1.5 6.5 2.5 7.5 
tpHz Output Disable Time 1.0 5.6 (Note 7) (Note 7) 
tpLz 1.0 5.6 


Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.¢., all low-to-high, high- 
to-low, etc.). 

Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. This specification pertains to single output switching only. : 

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (ie., all low-to-high, high- 
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load. 

Note 7: The TRI-STATE delays are dominated by the RC network (50020, 250 pF) on the output and have been excluded from the datasheet. 
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Skew (soic package) 


, Ta = —40°Cto + 85°C | Ta = —40°C to + 85°C 
Vec = 4.5V-5.5V Voc = 4.5V-5.5V 
Parameter C._ = 50 pF C, = 250 pF 
8 Outputs Switching 8 Outputs Switching 
(Note 4) 


tosHL Pin to Pin Skew, HL Transitions 

(Note 1) ‘ 

tosLH Pin to Pin Skew, LH Transitions 

(Note 1) : 
’ tps Duty Cycle, LH/HL Skew 

(Note 5) j - 

tost Pin to Pin Skew, LH/HL Transitions 

2.0 

(Note 1) 


Device to Device Skew, LH/HL Transitions 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tos), LOW to HIGH (tos_H), or any combination switching LOW to HIGH and/or HIGH to LOW 
(lost). The specification is guaranteed but not tested. 

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested. 
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.) 

Note 4: These specifications guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors 
in the standard AC load. 


Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the 
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested. 


Capacitance, 


Input Capacitance 


CouT Output Capacitance 


Note 1: Court is measured at frequency of f = 1 MHz, per MIL-STD-883B, Method 3012. 
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tpLy VS Temperature (Ta) tpy_ VS Temperature (Ta) 
CL = 50 pF, 1 Output Switching C, = 50 pF, 1 Output Switching 
6.00 


5.00 -—}-}-—-+— 
4.00 


a ee ee 


Ss a ae es eee 


ee eh = oe 


~40°C 25°C 85°C 125°C 85°C 125°C 
TL/F/11501-11 TL/F/11501-12 


OLPS 


MAX 


tp_y vs Load Capacitance tpy_ VS Load Capacitance 
1 Output Switching, Ta = 25°C 1 Output Switching, Ta = 25°C 


0.00 
50 pF 250 pF 
TL/F/11501-13 : : TL/F/11501-14 


tpLy VS Load Capacitance tpy_ vs Load Capacitance 
8 Outputs Switching, Ta = 25°C 8 Outputs Switching, Ta = 25°C 





eee her ae 
a en eee 
[_—— TYP @ 5.5V ee eel 
fiero | eee 


TL/F/11501-15 TL/F/11501-16 


Dashed lines represent design characteristics; for specified guarantees refer to AC Characteristics Table. 
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tpz_ vs Temperature (Ta) tp_z vs Temperature (Ta) 
C, = 50 pF, 1 Output Switching. C._ = 50 pF, 1 Output Switching 


re 
mae ee 
Ys tv @ 5.5V 


85°C 125°C 85°C 425°C 
TL/F/11501-17 ; TL/F/11501-18 


tpz_ vs Temperature (Ta) 
C. = 50 pF, 8 Outputs Switching tp_z vs Temperature (Ta) 
C. = 50 pF, 8 Outputs Switching 


85°C 125°C 
TL/F/11501-19 85°C 125°C 
TL/F/11501~20 





tpzH vs Temperature (Ta) tpyz VS Temperature (Ta) 
C._ = 50 pF, 1 Output Switching Cy. = 50 pF, 1 Output Switching 


Typ @ 4.5v{ 
-___ 
| ela? 


85°C 125°C 85°C 125°C 
TL/F/11501-21 TL/F/11501-22 


——_—E—E——— 
en 


Dashed lines represent design characteristics; for specified guarantees refer to AC Characteristics Table. 
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tpzH vs Temperature (Ta) tpyz vs Temperature (Ta) 
C_ = 50 pF, 8 Outputs Switching C, = 50 pF, 8 Outputs Switching 


85°C 125°C 85°C 125°C 
TL/F/11501-23 TL/F/11501-24 


tpzy vs Load Capacitance tpz_ vs Load Capacitance 
8 Outputs Switching, Ta = 25°C 8 Outputs Switching, Ta = 25°C 


14,00 


12.00 


10.00 


0.00 
250 pF 50 pF - 250 pF 
TL/F/11501-25 : TL/F/11501-26 


Icc vs Frequency, 
tpLH and tpy, vs Number Outputs Switching Average, Ta = 25°C, 
Vcc = 5.0V, Ta = 25°C, C_ = 50 pF All Outputs Unloaded/Unterminated 


1 OUTPUT 4 OUTPUT 8 OUTPUT 


TL/F/11501-27 Frequency (MHz) 


TL/F/11501-28 


Dashed lines represent design characteristics; for specified guarantees refer to AC Characteristics Table. 
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GA National 


Semiconductor 
54ABT/74ABT543C 


Octal Latched Transceiver with TRI-STATE® Outputs 


General Description 

The 'ABT543C octal transceiver contains two sets of D-type 
latches for temporary storage of data flowing in either direc- 
tion. Separate Latch Enable and Output Enable inputs are 
provided for each register to permit independent control of 
inputting and outputting in either direction of data flow. 


Features 

m Back-to-back registers for storage 

@ Bidirectional data path , 

m@ A and B outputs have current sourcing capability of 
32 mA and current sinking capability of 64 mA 


Ordering Code: see Section 11 


Pin Descriptions 


Description 


OEAB, OEBA 
CEAB, LEBA 


CEAB, CEBA 
Ao-A7z 


Bo-B7 


Output Enable Inputs 
Latch Enable Inputs 
Chip Enable Inputs 
Side A Inputs or 
TRI-STATE Outputs 
Side B Inputs or 
TRI-STATE Outputs 





gm Separate controls for data flow in each direction 

@ Guaranteed output skew 

@ Guaranteed multiple output switching specifications 

w Output switching specified for both 50 pF and 250 pF 
loads 

m Guaranteed simultaneous switching noise level and 
dynamic threshold performance 

@ Guaranteed latchup protection 

@ High impedance glitch free bus loading during entire 
power up and power down cycle 

m Nondestructive hot insertion capability 


Connection Diagrams 


Pin Assignment for 
DIP, SOIC and Flatpak 


1 
2 
3 
4 
5 
6 
7 
8 
9 


nun = Oo 





TL/F/11508-1 


Pin Assignment 


for LCC 
Ag As Ag NC As Ap Ay 
mY ceo EF ea race] 

A, [4] Ap 
CEAB E3] [3] EBA 
GND fia} (2 Lepa 

NC [is} (J nc 
OEAB Lis] El Voc 
TEAB 7] CEBA 

6, a Bal 

fis] Bo 2a Ba 23 Ba G5) 


By Bs By NC Bs By B, 
TL/F/11508-2 
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Functional Description 
The ’ABT543C contains two sets of D-type latches, with Data I/O Contro! Table 


separate input and output controls for each. For data flow 
from A to B, for example, the A to B Enable (CEAB) input Latch Status | Output Buffers 
must be low in order to enter data from the A port or take 


data from the B port as indicated in the Data I/O Control Latched High Z 
Table. With CEAB low, a low signal on (LEAB) input makes Latched ais, 
the A to B latches transparent; a subsequent low to high Transparent aa 
transition of the LEAB line puts the A latches in the storage = High Z 
mode and their outputs no longer change with the A inputs. = Driving 
With CEAB and OEAB both low, the B output buffers are 
active and reflect the data present on the output of the A igh Voltage Level 
ee ica is ow Voltage Level 
latches. Control of data flow from B to A is similar, but using riateriel 
the CEBA, LEBA and OEBA. 





Logic Diagram 


5 
DETAIL A 


DETAIL Ax7 


TL/F/11508-3 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Current Applied to Output 
please contact the National Semiconductor Sales ‘in LOW State (Max) twice the rated Io, (mA) 
Office/Distributors for availability and specifications. DC Latchup Source Current —500 mA 
Storage Temperature —65°C to + 150°C Over Voltage Latchup (1/0) 10V 
Ambient Temperature under Bias —55°C to + 125°C wa, < 
Junction Temperature under Bias Recommended Operating 

Ceramic —55°C to + 175°C itt 

Plastic —55°C to + 150°C Conditions 

' : Free Air Ambient Temperature 

Voc Pin Potential to mm Military ~55°C to +125°C 

Ground Pin —0.5V to +7.0V Commercial 0°C to +85°C - 
Input Voltage (Note 2) —0.5V to +7.0V Supply Voltage . 
Input Current (Note 2) —30 mA to +5.0 mA Military +4,.5V to +5.5V 
Voltage Applied to Any Output Commercial +4.5V to +5.5V 

in the Disable or Power-Off State —0.5V to +5.5V Minimum Input Edge Rate (AV/At) 

_” inthe HIGH State f —0.5V to Voc Data Input 50 mV/ns 

Note 1: Absolute maximum ratings are values beyond which the device may . Enable Input 20 mV/ns 
be damaged or have its useful life impaired. Functional operation under Clock Input 100 mV/ns 


these conditions is not implied. 
Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


ABT543C 
Symbol Parameter Conditions 
Min Typ Max 
Vin Input HIGH Voltage Recognized HIGH Signal 
VIL Input LOW Voltage Recognized LOW Signal 
Vopo Input Clamp Diode Voltage lin = —18 mA (Non I/O Pins) 


Von Output HIGH Voltage 54ABT/74ABT lo = —3mMA, (An, Bp) 
lou = —24 MA, (Ap, Bp) 


lou = —32 mA, (An: By) 


54ABT 





74ABT 


VoL Output LOW Voltage 54ABT lo. = 48 mA, (An, Bn) 
74ABT lo. = 64 mA, (Ap; Bn) 
Vio Input Leakage Test lip = 1.9 pA, (Non-!/O Pins) 
= All Other Pins Grounded 
lin Input HIGH Current Vin = 2.7V or Vcc (Non-I/O Pins) 


> 

N 

o 
“Ni 


Vin = 7.0V (Non-I/O Pins) 


IBvi Input HIGH Current Breakdown Test 
7 Vin = 5.5V (An, Bn) 


IBvir Input HIGH Current 
Breakdown Test (I/O) 


lit Input LOW Current 
li + lozH | Output Leakage Current 


Vin = 0.5V or OV (Non-I/O Pins) 


Vout = 2.7V (An; Bn): 
OEAB or CEAB = 2V 


Vout = 0.5V (An, Bn): 
OEAB or CEAB = 2V 


Vout = OV (An, Bn) 

Vout = Vcc (An: Bn) 

0.0V | Vout = 5.5V (An, Bp); All Others GND 
All Outputs HIGH 

All Outputs LOW 


Outputs TRI-STATE 
All Others at Voc or GND 


pA 





° 
< 
a : 
a 
< 


lit + loze | Output Leakage Current 


< 
n 
QO 
< 


pA | OV-5. 


los Output Short-Circuit Current —100 —275 
IcEX Output HIGH Leakage Current 


Izz Bus Drainage Test 

IocH Power Supply Current 
loci Power Supply Current 
Iccz ‘| Power Supply Current 


= ETE YE = = = TE 
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DC Electrical Characteristics (Continued) 


| _ ABT543C 
Symbol Parameter Vec Conditions 
Min Typ Max 


All Others at Voc or GND 


Dynamic loc No Load Outputs Open, CEAB and OEAB = GND, 
(Note 2) : F mA/MHz CEBA = Vcc, One Bit Toggling, 
: 50% Duty Cycle, (Note1) 


Note 1: For 8-bit toggling. Icgp < 1.4 mA/MHz. 
Note 2: Guaranteed, but not tested. 


DC Electrical Characteristics (soic Package) 


Conditions 

Parameter Min Typ Max C. = 50 pF, 

; R,_ = 5000 
Quiet Output Maximum Dynamic Vo. : Ta = 25°C (Note 1) 
Quiet Output Minimum Dynamic Vo. —-1.2 —0.8 Ta = 25°C (Note 1) 

’ Minimum High Level Dynamic Output Voltage 2.5 3.0 . Ta = 25° (Note 3) 

Minimum High Level Dynamic Input Voltage 2.0 . 1.7 Ta = 25°C (Note 2) 
Maximum Low Level Dynamic Input Voltage 0.7 0.9 Ta = 25°C (Note 2) 


Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested. 

Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to theshold (Vi_p), OV to threshold (Vip). 
Guaranteed, but not tested. . 

Note 3: Max number of outputs defined as (n). n—1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested. 





AC Electrical Characteristics (SOIC and SSOP Packages): See Section 2 for Waveforms 


Parameter 


Propagation Delay 
An to Bp or By to An 


Propagation Delay 
LEAB to By, LEBA to Ap, = on eS 
3.6 5.8 


Enable Time 15 
OEBA orOCEABtoAnorBr| © 
Disable Time 


AC Operating Requirements (SOIC and SSOP Packages): See Section 2 for Waveforms 


Ta = +25°C Ta = —55°C to + 125°C | Ta = —40°C to + 85°C 
Parameter Vec = +5.0V Vec = 4.5V-5.5V Vec = 4.5V-5.5V 
C._ = 50 pF C. = 50 pF C. = 50 pF 


Setup Time, HIGH or LOW 1.5 1.5 
An or Bp, to LEBA or LEAB 1.5 1.5 
Hold Time, HIGH or LOW 2.0 
An Or By to LEBA or LEAB 2.0 
[ae ae (een ae: ee 





Pulse Width, LOW 





© 
oO 
+ 
Ts) 


Extended AC Electrical Characteristics (SOIC Package): See Section 2 










Ta = —40°Cto +85°C | Ta = —40°C to + 85°C 
Voc = 4.5V-5.5V Vcc = 4.5V-5.5V 
' Cy = 50 pF C. = 250 pF 
8 Outputs Switching 1 Output Switching 
(Note 4) (Note 5) 


Min Typ Max | Min Max _| 
MaxToggleFrequency | 100, | 


Progagation Delay 1.5 6.2 2.0 7.5 
An to By or Bp to An 1.5 6.2 2.0 7.5 


- | Progagation Delay 1.5 6.5 
| LEAB to Bp, LEBA to Ap, 1.5 6.5 


Output Enable Time 
OEBA or OEAB to Ap or By, 


BA or CEAB to Ap, or By 


CE 2.5 
Output Disable Time 
OEBA or OEAB to Ap or By 


2.0 8.5 
CEBA or CEAB to Ay or Br (Note 7) (Note 7) il 


Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i-e., all low-to-high, high- 
to-low, etc.). 


Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. This specification pertains to single output switching only. 

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load. 


Note 7: The TRI-STATE delay times are dominated by the RC network (5000, 250 pF) on the output and has been excluded from the datasheet 










Ta = —40°C to + 85°C 
Vec = 4.5V-5.5V 
CL = 250 pF 
8 Outputs Switching 
(Note 6) 

















Symbol Parameter 
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Skew (Soic Package) 


A = —40°C to + 85°C Ta = —40°C to + 85°C 
Vec = 4.5V-5.5V Vec = 4.5V-5.5V 
Parameter C, = 50 pF CL = 250 pF 
8 Outputs Switching 8 Outputs Switching 


Pin to Pin Skew "49 

HL Transitions Y 
Pin to Pin Skew 43 
LH Transitions ; 

tps Duty Cycle 

(Note 5) | LH-HL Skew oe 48 

tost Pin to Pin Skew 

(Note 1) | LH/HL Transitions ope 3 of 


OES 


Device to Device Skew 45 
LH/HL Transitions : ; 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tospi), LOW to HIGH (lost), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tosT). This specification is guaranteed but not tested. 


Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Voc) from device to device. This specification is guaranteed but not tested. 


Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to- nee 
HIGH-to-LOW, etc.). 


Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. 


Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the 
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested. 


Capacitance 


|_| Parameter | typ | units |___Conditions: Ta = 25°C 
Input Capacitance ee ae Voc = 0V (non I/O pins) 
Cio (Note 1) Output Capacitance Voc = 5.0V (An, Br) 


Note 1: C/o is measured at frequency, f = 1 MHz, PER MLT-STD-883B, METHOD 3012. 
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ZaNational | 


Semiconductor 


54ABT/74ABT573C 


PRELIMINARY 


Octal D-Type Latch with TRI-STATE® Outputs 


General Description 

The *ABT573C is an octal latch with buffered common 
Latch Enable (LE) and buffered common Output Enable 
(OE) inputs. 

This device is functionally identical to the ’ABT373C but has 
different pinouts. 


Features 

m Inputs and outputs on opposite sides of package allow 
easy interface with microprocessors 

a Useful as input or output port for microprocessors 

m@ Functionally identical to ’ABT373C 

@ TRI-STATE outputs for bus interfacing 


Ordering Code: see Section 11 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


o OoOon Oo OO FF WwW YY = 


_ 
Oo 


TL/F/11548-1 


Data Inputs 
Latch Enable Input (Active HIGH) 


TRI-STATE Output Enable Input 
(Active LOW) 
TRI-STATE Latch Outputs 





m@ Output sink capability of 64 mA, source capability of 
32 mA 

mg Guaranteed output skew 

@ Guaranteed multiple output switching specifications 

m= Output switching specified for both 50 pF and 250 pF 
loads 

m Guaranteed simultaneous switching, noise level and 
dynamic threshold performance 

m@ Guaranteed latchup protection 

m High impedance glitch-free bus loading during entire 
power up and power down 

g Nondestructive hot insertion capability 

m Disable Time less than enable time to avoid bus 
contention. 


Pin Assignment 
for LCC 


Og 0; 0 0; 
BH) 


(310, 
[2]D, 
G1 OE 
EO Voc 
To, 


Sf 
Os 0 Os O O 


TL/F/11548-2 


Preliminary Data 
National Semiconductor reserves the right 
to make changes at any time without notice. 
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Functional Description 


The ’ABT573C contains eight D-type latches with Function Table 
TRI-STATE output buffers. When the Latch Enable (LE) in- 
put is HIGH, data on the D, inputs enters the latches. In this 
condition the latches are transparent, i.e., a latch output will 
change state each time its D input changes. When LE is 
LOW the latches store the information that was present on 
the D inputs a setup time preceding the HIGH-to-LOW tran- 
sition of LE. The TRI-STATE buffers are controlled by the 
Output Enat-te (OE) input. When OE is LOW, the buffers are 
in the bi-state mode. When OE is HIGH the buffers are in 
the high impedance mode but this does not interfere with Res TOW NCR eer 
entering new data into the latches. X = Immaterial 

Oo = Value stored from previous clock cycle 





Logic Diagram 


Do 


TL/F/11548-3 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, ESD Last Passing Voltage (Min), HBM *  1000V 

please contact the National Semiconductor Sales _DC Latchup Source Current —500 mA 

Office/Distributors for availability and geaelanipland Over Voltage Latchup (I/O) -10V 

Storage Temperature — 65°C to + 150°C Note 14: Absolute maximum ratings are values beyond which the device may 

Ambient Temperature under Bias —55°C to +125°C ' be damaged or have its useful life impaired. Functional operation under 
: r these conditions is not implied. 

Junction Temperature under Bias Wie Eiher Goltasoaen: limit is sutfics F 
Ceramic —55°C to +175°C jote 2: Either voltage limit or current limit is sufficient to protect inputs. 
Plastic —55°C to + 150°C Recommended Operating 

Voc Pin Potential to iti 
Ground Pin —0.5V to +7.0V eonatiens: ‘ 

“. ree Air Ambient Temperature : 

Input Voltage (Note 2) 0.5V to +7.0V Military —55°C to +125°C 

input Current (Note 2) —30 mA to +5.0 mA Commercial —40°C to + 85°C 

Voltage Applied to Any Output Supply Voltage 
in the Disabled or Military +4.5V to +5.5V 
Power-Off State —0.5V to +5.5V Commercial +4,5V to +5.5V 
in the HIGH State . —0.5V to Voc Minimum Input Edge Rate (AV/At) 

Current Applied to Output Data Input 50 mV/ns 


in LOW State (Max) Twice the rated Io, (mA) Enable Input 20 mV/ns 


DC Electrical Characteristics 





ABT573C 
Symbol Parameter Vec Conditions 
Min Typ Max 
Viq___| Input HIGH Voltage | 20 + | v [ [Recognized HIGH Signal 
VIL Input LOW Voltage fT VT | Recognized LOW Signal 
VoH Output HIGH Voltage ' 54ABT/74ABT lon = —3 mA 
54ABT Vv lon = —12mA 
74ABT lon = -32mA 
VoL Output LOW Voltage 54ABT V lo. = 48mA 
74ABT lo. = 64mA 
lin Input HIGH Current Vin = 2.7V 
A Max 
. Vin = Voc 
Ipvi Input HIGH Current 7 A Vin = 7.0V 
Breakdown Test P 
le Input LOW Current A Vin = 0.5V 
Vin = 0.0V 
Vip Input Leakage Test 4.75 lip = 1.9 pA 
: . All Other Pins Grounded 
lozH Output Leakage Current a 0 — 5.5V! Vout = 2.7V; OE = 2.0V 
lozi Output Leakage Current Pp 850 | 0 — 5.5V| Vout = 0.5V; OE = 2.0V 


los Output Short-Circuit Current —100 —275 Vout = 0.0V 
Icex Output High Leakage Current Vout = Vcc 


lzz Bus Drainage Test 
IocH Power Supply Current 
IccL Power Supply Current _ , 


locz Power Supply Current 


Vout = 5.5V; All Others GND 
All Outputs HIGH . 
All Outputs LOW 


OE = Voc 
All Others at Vcc or GND 








hmm = 
Sl 













locT Additional Icc/Input Outputs Enabled Vi = Voc — 2.1V 
Outputs TRI-STATE Enable Input Vj = Voc — 2.1V 
Outputs TRI-STATE Data Input Vi = Voc — 2.1V 
All Others at Voc or GND 
locp Dynamic Icc No Load Outputs Open 





mA/ 


te OE = GND, (Note 1) 


One Bit Toggling, 50% Duty Cycle 


(Note 2) 





o 
= EVETE ETE = 


2 
—_ 


Note 1: For 8 bits toggling, Iccp < 0.8 mA/MHz. 
Note 2: Guaranteed but not tested. 
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DC Electrical Characteristics (soic package) 


Parameter 


Min Typ Max 
Quiet Output Maximum Dynamic VoL ft. | 
2.0 3.1 


Conditions 
Cx. = 50 pF, R, = 5000 


Ta = 25°C (Note 1) 


| 5.0 | 
| 5.0 | Ta = 25°C (Note 1) 
507, 
250. | 
Pear 


Minimum High Level Dynamic Output Voltage 


Minimum High Level Dynamic Input Voltage | 22 08 | Ta = 25°C (Note 2) 
Maximum Low Level Dynamic Input Voltage ae ee ee Ta = 25°C (Note 2) 


Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested. 


Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to threshold (Vi_p), OV to threshold (Vipp). 
Guaranteed, but not tested. 


Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested. 


Ta = 25°C (Note 3) 


AC Electrical Characteristics: see Section 2 tor Waveforms (SOIC and SSOP package) 


74ABTC 5S4ABTC 74ABTC 


Ta = +25°C Ta = —55°C to + 125°C Ta = —40°C to + 85°C 
Parameter Vec = +5.0V Vec = 4.5V to 5.5V Vec = 4.5V to 5.5V 


Min Typ Max| Min Max _| 


Propagation Delay 1.5 6.0 
D, to On 15 6.5 


Propagation Delay 1.5 6.0 
LE to On 1. 


5 
Output Enable Time | 1.5 
1.5 


Output Disable Time | 1.5 
Time 1.5 


74ABTC 54ABTC: 74ABTC 
Ta = +25°C Ta = —55°C to + 125°C Ta = —40°C to + 85°C 
Parameter Vec = +5.0V Voc = 4.5V to 5.5V Vec = 4.5V to 5.5V 


C._ = 50 pF 
Min Typ Max| Min Max 
Max Toggle Frequency | 00 


Set Time, HIGH 
or LOW D, to LE 


Hold Time, HIGH 
or LOW D, to LE 
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Extended AC Electrical Characteristics: sce Section 2 for Waveforms (SOIC package) 


74ABTC 74ABTC 74ABTC 


Ta= —40°Cto+85C | 7 _ socio +gsre | TAT 40°C to +85°C 
| | Vee = 4.5V to 5.5V Vase csV Vcc = 4.5V to 5.5V 
Parameter C. = 50 pF ~ Cy = 250 pF C. = 250 pF 


8 Outputs Switching (Note 5) 8 Outputs Switching 
. (Note 4) (Note 6) - 


Propagation Delay 1.5 : 1.5 8.0 2.5 : 9.0 
Dp to On 15 : 1.5 2.5 
: : 


8.0 9.0 
Propagation Delay : 25 8.5 
LE to On, : a : ; 2.5 8.5 
Output Enable Time 1.5 S : 10.0 11.0 
1.5 10.0 13.0 


Output Disable Time : (Note 7) "(Note 7) ns | 


Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH, 
HIGH-to-LOW, etc.). ; : 

Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. This specification pertains to single output switching only. 


Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase ({i.e., all LOW-to-HIGH, 
HIGH-to-LOW, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load. 


Note 7: The TRI-STATE delay times are dominated by the RC network (5002, 250 pF) on the output and has been excluded from the datasheet. 


Skew (SOIC package) (Note 3) 


74ABTC 74ABTC 


Ta = —40°C to + 85°C Ta = —40°C to + 85°C 
Vcc = 4.5V to 5.5V Voc = 4.5V to 5.5V 
Parameter C_ = 50 pF C_ = 250 pF 
8 Outputs Switching | 8 Outputs Switching 
(Note 3) 


tOSHL Pin to Pin Skew 
(Note 1) HL Transitions 


tosLH Pin to Pin Skew 
(Note 1) LH Transitions 
Duty Cycle 20 

LH-HL Skew 
tost Pin to Pin Skew . 20 3.5 
(Note 1) LH/HL Transitions | 

Device to Device Skew 20 

LH/HL Transitions © : 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tos), LOW to HIGH (tos_H), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tosT). This specification is guaranteed but not tested. 

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested. 
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase ({i.e., all LOW-to-HIGH, 
HIGH-to-LOW, etc.) : ; 

Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. ' 

Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the 
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested. 
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Capacitance 


sides a a= 250) 


JeZs 


Cin InputCapacitance | 5 | pF | Voc = OV _ 
Court (Note 1) | Output Capacitance LeBel PF | Voc = 5.0V 


Note 1: Court is measured at frequency f = 1 MHz per MIL-STD-883B, Method 3012. 
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ZA National 


Semiconductor 


54ABT/74ABT574C 


PRELIMINARY 


Octal D-Type Flip-Flop with TRI-STATE® Outputs 


General Description 

The ’ABT574C is an octal flip-flop with a buffered common 
Clock (CP) and a buffered common Output Enable (OE). 
The information presented to the D inputs is stored in the 
flip-flops on the LOW-to-HIGH Clock (CP) transition. 

The device is functionally identical to the ’ABT374C except 
for the pinouts. 


Features 

m Inputs and outputs on opposite sides of package allow- 
ing easy interface with microprocessors 

@ Useful as input or output port for microprocessors 

@ Functionally identical to ’ABT374C 

m@ TRI-STATE outputs for bus-oriented applications 

m@ Output sink capability of 64 mA, source capability of 
32 mA 


Ordering Code: see Section 11 


Connection Diagrams 


Pin Assignment for DIP, 
SOIC and Flatpak 


1 
2 
3 


TL/F/11511-1 


Pin Descriptions 


Wo Description 


Data Inputs 


Clock Pulse Input (Active Rising Edge) - 
TRI-STATE Output Enable Input (Active LOW) 
TRI-STATE Outputs 





m@ Guaranteed output skew 

m Guaranteed multiple output switching specifications 

w Output switching specified for both 50 pF and 250 pF 
loads 

@ Guaranteed simultaneous switching, noise level and dy- 
namic threshold performance 

m Guaranteed latchup protection 

@ High impedance glitch free bus loading during entire 
power up and power down cycle 

m Non-destructive hot insertion capability 

mu Disable time less than enable time to avoid bus 
contention 


Pin Assignment 
for LCC 


. Dy 05 0, 0; Db 
BOWE 


D, 
GND [10] 
cP fi 
0, 
0, (3) 


4) (3) 2) 2) 
05 04 0; O) 0, 


TL/F/11511~-2 
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OPS 


Functional Description Function Tare 


The 'ABT574C consists of eight edge-triggered flip-flops | Inputs _| Internal | Outputs 
with individual D-type inputs and TRI-STATE true outputs. oe ~cp (p| a (| d(lo Ci 


The buffered clock and buffered Output Enable are com- 
mon to all flip-flops. The eight flip-flops will store the state of 
their individual D inputs that meet the setup and hold times 
requirements on the LOW-to-HIGH Clock (CP) transition. 
With the Output Enable (OE) LOW, the contents of the eight 
flip-flops are available at the outputs. When OE is HIGH, the 
outputs are in a high impedance state. Operation of the OE 
input does not affect the state of the flip-flops. 


Hold 

Hold 

Load 

Load 

Data Available 
Data Available 

No Change in Data 
No Change in Data 


Tree rrirt 
Irertririer 
Z2 

OOTTNNNN 


HIGH Voltage Level 
LOW Voltage Level 
immaterial 
Z = High Impedance 
~ = LOW-to-HIGH Transition 
NC = No Change 


at ol go 

Q Q eae 
\/ \/ \/ 
ee 


Logic Diagram 





J 
0; 0, 0, 


TL/F/11511-3 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Symbol 


ViL 
Vop 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias 
Ceramic 
Plastic © 
Voc Pin Potential to 
_ Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Any Output 
in the Disabled or 
Power-Off State 
in the HIGH State 
Current Applied to Output 
in LOW State (Max) 


DC Electrical Characteristics 


—55°C to +175°C 
—55°C to + 150°C 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30mA to +5.0 mA 


—0.5V to 5.5V 


twice the rated Io, (mA) 


Parameter 


54ABT/74ABT 





74ABT 
Output LOW Voltage 


-0.5V to Vcc © 


: ABT574C_ 

Vec 
Min Typ Max 
Vin Input HIGH Voltage | 20 | v |__| Recognized HIGH Signal 


Input LOW Voltage <r yt ae ee Recognized LOW Signal 
input Clamp Diode Voltage | SSS 2 | V | Min_| = ~18mA 


VoH Output HIGH Voltage 


DC Latchup Source Current —-500 mA 
Over Voltage Latchup (I/O) 10V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


. Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 
Minimum Input Edge Rate 
Data Input 
Enable Input 
Clock Input 


—55°C to + 125°C 
—40°C to + 85°C 


+ 4,5V to +5.5V 
+ 4.5V to +5.5V 
(AV/At) 

50 mV/ns 

20 mV/ns 

100 mV/ns 


Conditions 


a 


| Vv | Min | lon = —32mA 


_ 54ABT V lo. = 48 mA 
74ABT lo. = 64mA 


VIN = 2.7V 
Vin = Voc 


Input HIGH Current Breakdown Test Vin = 7.0V 
—5 


input LOW Current 


—5 


Power Supply Curent Po a | 


Power Supply Current 


Vin = 0.5V 
Vin = 0.0V 


lip = 1.9 pA 
All Other Pins Grounded 


0 — 5.5V | Vout = 2.7V; OE = 2.0V 
~ 5.5V | Vout = 0.5V; OE = 2.0V 
—275| mA | Max | Vout = 0.0V 
ax | Vout = Vcc 
Vout = 5.5V; All Other GND 
Max , | All Outputs HIGH 


pA Max 


Power Supply Current pA Max | OE = Vcc 
All Others at Vcc or GND 


Additional Ioc/Input Outputs Enabled 





Iccp Dynamic Icc No Load 


(Note 2) 


Note 1: For 8-bit toggling, Io¢cp < 0.8 mA/MHz. 
Note 2: Guaranteed, but not tested. 


Enable Input V; = Voc — 2.1V 


mA Vi = Voc — 2.1V 
Outputs TRI-STATE mA Max 
Outputs TRI-STATE mA Data Input V; = Voc — 2.1V 
All Others at Vcc or GND ° 
mAs Outputs Open, OE = GND, 
0.1 MHz One Bit Toggling (Note 1), 
50% Duty Cycle 





DC Electrical Characteristics (soic package) 


Note 1: Max number of outputs defined as (n).n — 1 data inputs are driven OV to 3V. One cutput at Low. Guaranteed, but not tested. 


Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to theshold (Vi_p), OV to threshold (VjHp). 
Guaranteed, but not tested. 


Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested. 











Conditions 
C_ = 50pF, Ry, = 5000 


Ta = 25°C (Note 1) 
Ta = 25°C (Note 1) 
Ta = 25°C (Note 3) 















AC Electrical Characteristics: see Section 2 for waveforms (SOIC and SSOP Package) 


74ABT 54ABT 74ABT 


Ta = +25°C Ta = —55°C to + 125°C Ta = —40°C to +85°C 
Vec = +5.0V Voc = 4.5V to 5.5V Voc = 4.5V to 5.5V 
ae 50 pF CL = 50 pF C. = 50 pF 


Min | Min Typ Max | Max 
Max Clock 
Frequency 
Propagation Delay 
CP to On 
1.5 


AC Operating Requirements: see Section 2 for Waveforms 


74ABT 54ABT 74ABT 
Parameter 











Fig. 
No. 















Symbol Parameter 








Ta = +25°C -Ta = —55°C to + 125°C Ta = —40°C to + 85°C 
Vcc = +5.0V Voc = 4.5V to 5.5V Voc = 4.5V to 5.5V 
ee ee C. = 50 pF a es 


Setup Time, abe - Met 5 
or LOW Dy to CP 2.5 
Hold Time, HIGH 

or LOW Dy to CP 

Pulse Width, CP, 

HIGH or LOW 
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OPZs 





574C 








Extended AC Electrical Characteristics: see Section 2 for Waveforms 
(SOIC package) 


74ABTC 74ABTC 74ABTC 
= — e ° Se as o + O 
Ta= ~a0Cto+85C | t _ _secto res | TAT ~40°Cto + 85°C 
Vec = 4.5V to 5.5V Veo = 4.5V to 5.5V Vec = 4.5V to 5.5V 
Parameter C, = 50 pF ee ; Cy = 250 pF 


8 Outputs Switching a a 8 Outputs Switching 
— 4) (Note 6) 


Progagation Delay 5 
CP to O7 i 


Output Enable Time 1:5-.. 10.0 
: 12.0 


Output Disable Time He (Note 7) (Note 7) Fos | 


Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH, 
HIGH-to-LOW, etc.). : 


Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in pice of the 50 pF load capacitors in 
the standard AC load. This specificaiton pertains to single output switching only. 


Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH, 
HIGH-to-LOW, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load. 


Note 7: The TRI-STATE Delay Times are dominated by the RC network (5002, 250 pF) on the output and has been excluded from the datasheet. 


74ABT 
Ta = —40°C to + 85°C Ta = —40°C to +85°C 
Voc = 4.5V-5.5V Vec = 4.5V-5.5V 


Skew (soic package) (Note 3) 


Parameter Cy = 50 pF C, = 250 pF 
8 Outputs Switching 8 Outputs Switching 
ae 3) (Note ae ee 


tosHL Pin to Pin Skew 
* (Note 1) HL Transitions 


tostH Pin to Pin Skew 
{Note 1) LH Transitions 


tes Duty Cycle 
(Note 5) LH-HL Skew 
tosT Pin to Pin Skew 

(Note 1} LH/HL Transitions 

tey Device to Device Skew 

(Note 2) LH/HL Transitions 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tosy,), LOW to HIGH (toi), Or any combination switching LOW to HIGH and/or HIGH to LOW 
(tost). This specification is guaranteed but not tested. 


Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested. 


Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH, 
HIGH-to-LOW, etc.). 


Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. 


Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the 
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested. 


Capacitance 


Conditions 
Ta = 25°C 


[te | ve 
Pgaceacines | 0] gr | veo ov 
eo | oe 


ae —— 1) Output Capacitance Vcc = 5.0V 


Note 1: Court is measured at frequency f = 1 MHz, per MIL-STD-883B, Method 3012. 
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ZA National 


Semiconductor 


54ABT/74ABT646C 
Octal Transceiver/Register with TRI-STATE® Outputs 


General Description Features 

The 'ABT646C consists of bus transceiver circuits with TRI- ™ Independent registers for A and B buses 

STATE, D-type flip-flops, and control circuitry arranged for m Multiplexed real-time and stored data 

multiplexed transmission of data directly from the input bus sm A and B output sink capability of 64 mA, source capa- 
or from the internal registers. Data on the A or B bus will be bility of 32 mA 

clocked into the registers as the appropriate clock pin goes Guaranteed output skew 

to a high logic level. Control OE and direction pins are pro- Guaranteed multiple output switching specifications 


vided to control the transceiver function. In the transceiver ae fo 
mode, data present at the high impedance port may be i Switching: spected tor pein -20: PF ane Be0. BF 


stored in either the A or the B register or in both. The select p Bg ; 

controls can multiplex stored and real-time (transparent Guaranteed simultaneous switching noise level and dy- 
mode) data. The direction control determines which bus will namic threshold performance 
receive data when the enable control OE is Active LOW. In Guaranteed latchup protection 

the isolation mode (control OE HIGH), A data may be stored High impedance glitch free bus loading during entire 
in the B register and/or B data may be stored in the A regis- power up and power down cycle 

ter. Nondestructive hot insertion capability 


| Ordering Code: see Section 11 


Pin Descriptions Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


|__PinNames | ___Description 


Ao-A7 Data Register A Inputs/ 
TRI-STATE Outputs 

Bo-B7 Data Register B Inputs/ 
TRI-STATE Outputs 

CPAB, CPBA Clock Pulse Inputs 

SAB, SBA Select Inputs 

OE Output Enable Input 

DIR Direction Control Input 


on Om oO mem WwW HD 


TL/F/10978-3 


Pin Assignment for LCC 


As Ag As NC Ap Ay Ag 
OOOBOoe 


Ag [a oR 
Ay sap 
GND fq] [2] cpaB 
NC [i Ne 
By Voc 
Bs CPBA 
Bs SBA 


HOHE me 
B, By By NC By By OE TL/F/10978-4 








646C 





Real Time Transfer Real Time Transfer Storage from Transfer from 
A-Bus to B-Bus B-Bus to A-Bus Bus to Register Register to Bus 
—————> ——> > ————__> 
A~Bus A-Bus A-Bus A-Bus 
fa eo Sle [=) 
B-Bus B-Bus ; B-Bus 
TL/F/10978-5 WARN OTA6 TL/F/10978-7 TL/F/10978-8 


FIGURE 1 FIGURE 2 FIGURE 3 FIGURE 4 


{inputs | atavor 
OE DIR CPAB CPBA SAB SBA BA honAr| Bo Br 


Hq orL HorL Isolation 
Clock Ap Data into A Register 
Clock B, Data into B Register 


An to Br» —Real Time (Transparent Mode) 
Clock A, Data into A Register 

A Register to B, (Stored Mode) 

Clock A, Data into A Register and Output to By 


Bn to A,—Rea!l Time (Transparent Mode) 
Clock B, Data into B Register 

B Register to Ap, (Stored Mode) 

Clock B,, Data into B Register and Output to A, 


X 
X 
X 
H 
H. 
H 
H 
L 
L 
L 
L 


<x &K&M/ Doerr KK xX 
Doerr KKK KI KK XK 





*The data output functions may be enabled or disabled by various signals at the OE and DIR inputs. Data input functions are always 
enabled; i.e., data at the bus pins will be stored on every LOW-to-HIGH transition of the appropriate clock inputs. 


H = HIGH Voltage Level X = Immaterial 
L = LOW Voltage Level ~ = LOW-to-HIGH Transition 
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| Logic Diagram 


3 


1 OF 8 CHANNELS 


NNELS 
TO 7 OTHER CHA TL/F/10978-9 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1). 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias 


Current Applied to Output 
in LOW State (Max) 


DC Latchup Source Current 
Over Voltage Latchup (I/O) 


twice the rated Io, (mA) 
—500 mA 
10V 


Recommended Operating 


Ceramic —55°C to + 175°C itt 
Plastic —55°C to + 150°C Conditions 
: : Free Air Ambient Temperature 
Vec Pin Potential to Military —55°C to + 125°C 
Ground Pin —0.5V to +7.0V Commercial - O'Cto +85°C 
Input Voltage (Note 2) —0.5V to +7.0V Supply Voltag 55 
input Current (Note 2) —30 mA to +5.0 mA Military +4,5V to +5.5V 
Voltage Applied to Any Output Commercial +4,5V to + 5.5V 
in the Disable or Power-Off State —0.5V to +5.5V Minimum Input Edge Rate (AV/At) 
in the HIGH State —0.5V to Voc Data Input 50 mV/ns 
Note 1: Absolute maximum ratings are values beyond which the device may Enable Input 20 mV/ns 
be damaged or have its useful life impaired. Functional operation under Clock Input 400 mV/ns 


these conditions is not implied. 
Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


. ABT646C 
Symbol Parameter. 7 Vcc Conditions 
Min Typ Max 
Vin Input HIGH Voltage 220. | a = Recognized HIGH Signal 
Vit input LOW Voltage r ss—“‘i TC LL Recognized LOW Signal 
Vop Input Clamp Diode Voltage Pte fv] Min | lin = —18 mA (Non I/O Pins) 
VoH Output HIGH Voltage 54ABT/74ABT| 2.5 lou = —3 MA, (Ap, Bn) 

_ 54ABT 2.0 Vv lon = —24 mA, (Ap, Bp) 
74ABT 2.0 lon = —32 mA, (Ap, Bp) 
VoL Output LOW Voltage 54ABT Vv loL = 48 mA, (Ap, Br) 

74ABT lo. = 64 mA, (Ap, Bn) 
Vip 


Input Leakage Test S 4.75 V hp = 1.9 pA, (Non-1/O Pins) 
; ; All Other Pins Grounded 
hy Input HIGH Current PB pA] Max | Vin = 2.7V or Voc (Non-I/0 Pins) 
IBvl Input HIGH Current 7 A Vin = 7.0V (Non-I/O Pins) 
Breakdown Test B 
Input HIGH Current A Vin = 5.5V (Ap, Br) 
Breakdown Test (I/O) B 
hie Input LOW Current _ PB {Af Max | Vin = 0.5V or OV (Non-I/O Pins) 
lit + lozH| Output Leakage Current ) ——i | pA J OV-5.5V] Vout = 2.7V (An, Bn); OE = 2.0V 


iw + loz_ | Output Leakage Current | 50 | pA OV-5.5V| Vout = 0.5V (Ap, Bn); OE = 2.0V 
Output Short-Circuit Current —100 —275| mA | Max [Vout = OV (An, Bn) 


IBvit 


los 
IcEx Output HIGH Leakage Current FO pA [Max [Vout = Voc (An, Bn) 
'zz Bus Drainage Test Vout = 5.5V (Ap, Bn); 
ICCH Power Supply Current | 50 | pA | Max | All Outputs HIGH 
icc. | Power Supply Current r— 30 | mA | Max |AllOutputs Low 
locz Power Supply Current PO pA | Max | Outputs TRI-STATE; All Others GND 
loct Additional I¢c/Input Vi = Voc — 2.1V 
Iocp Dynamic Icc No Load 














(Note 2) 


Note 1: For 8-bit toggling, Iccp < 1.4 mA/MHz. 
Note 2: Guaranteed but not tested. 


Outputs Open 
OE and DIR = GND, 

ee Non-I/O = GND or Vg (Note 1) 
One Bit toggling, 50% duty cycle 


DC Electrical Characteristics (soic package) 


C_ = 50 pF, Rp = 5000 
| Ta = 28°C (Note 1) 
| Ta = 25°C (Note 1) 


Minimum High Level Dynamic Output Voltage Ta = 25° (Note 3) 
Minimum High Level Dynamic Input Voltage Ta = 25°C (Note 2) 
Maximum Low Level Dynamic Input Voltage Ta = 28°C (Note 2) 


Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested. 


Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to theshold (Vi_p), OV to threshold (Vip). 
Guaranteed, but not tested. 


Note 3: Max number of outputs defined as (n). n -- 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested. 





AC Electrical Characteristics (soic and ssop package): See Section 2 for Waveforms 


Propagation Delay 
Clock to Bus 3.4 


Propagation Delay 2.6 
Bus to Bus 3.0 


Propagation Delay . : 
SBA or SAB to Ap, to Bn 


Enable Time 
OE to A, or By 


Disable Time 1.5 
OE to A, or Bn at (eee > aes 


Enable Time 1.5 3.4 
DIR to Ap, or By 1.5 3.7 


Disable Time 
DIR to Ap or Br 


AC Operating Requirements: See Section 2 for Waveforms 


Ta = +25°C Ta = —55°C to + 125°C Ta = —40°C to + 85°C 
Parameter Vcc = +5.0V Voc = 4.5V-5.5V Vec = 4.5V-5.5V 
, oe ey ee a Pate ae 


Setup Time, HIGH 
or LOW Bus to Clock 
Hold Time, HIGH 

or LOW Bus to Clock 
Pulse Width, 

HIGH or LOW 
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646C 


Extended AC Electrical Characteristics (soic package): See Section 2 for Waveforms 


74ABT 74ABT 74ABT 
Ta = —40°Cto + 85°C | Ta = —40°C to + 85°C | Ta = —40°C to + 85°C 
Vcc = 4.5V-5.5V Veco = 4.5V-5.5V Vcc = 4.5V-5.5V 
Parameter C_ = 50 pF C_ = 250 pF C_ = 250 pF 
8 Outputs Switching 1 Output Switching 8 Outputs Switching 


am a 4) (Note a eT (Note 6) 


Progagation Delay 5 5.5 ee 7.5 2.5 0 © 
Clock to Bus 5.5 20 . 7.5 2.5 : 
6.0 2.0 7.0 


Progagation Delay 
Bus to Bus f F 


Progagation Delay 
SBA or SAB to 
An Or Bh 


Output Enable Time 1.5 a 7 : : 10.5 

OE, or DIR to Ap or Bh 1.5 10.5 

Output Disable Time 1.5 

OEnorDIRtoA,orBy| 1.5 tote 7) ee? Fos | 


Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.¢., all low-to-high, high- 
to-low, etc.). 

Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. This specification pertains to single output switching only. 

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all low- to-high, high- 
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load. 

Note 7: The TRI-STATE delays are dominated by the RC network (5002, 250 pF) on the output and has been excluded from the datasheet. 
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Skew (soic package) 


Ta = —40°C to + 85°C Ta = —40°C to + 85°C 
Voc = 4.5V-5.5V Voc = 4.5V-5.5V 
Parameter C, = 50 pF C_ = 250 pF 
8 Outputs Switching 8 Outputs Switching 
é (Note 4) 


Pin to Pin Skew 20 
LH Transitions ° 


tps Duty Cycle 

(Note 5) LH-HL Skew a0 a 
tosT Pin to Pin Skew 

(Note 1) LH/HL Transitions eo 40 


tosHL Pin to Pin Skew 
(Note 1) HL Transitions 


Device to Device Skew 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tos ), LOW to HIGH (tos-H), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tos7). This specification is guaranteed but not tested. ; : 

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested. 
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH, 
HIGH-to-LOW, etc.). : 


Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in’ 


the standard AC load. 


Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the 
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested. 


Capacitance 


Tan 250 


Input Capacitance ae ae Voc = OV (non I/O pins) 
Cio (Note 1) Output Capacitance A | Voc = 5.0V (Ap, Bn) 


Note 1: Cio is measured at frequency, f = 1 MHz, per MIL-STD-883B, Method 3012. 
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tp_Ly VS Temperature (Ta) 
C,_ = 50 pF, 1 Output Switching - 
Clock to Bus 


-55°C -40°C 25°C 85°C 125°C 
TL/F/10978-18 


tp_Ly vs Load Capacitance 
1 Output Switching, Ta = 25°C 
Clock to Bus 


50 pF 100pF 150pF  200pF  250pF 
TL/F/10978-20 


tp_y vs Load Capacitance 
8 Outputs Switching, Ta = 25°C 
Clock to Bus 


SOpF 100pF  150pF  200pF 250pF 
TL/F/10978-22 


tpz_ vs Temperature (Ta) 
CL = 50 pF, 1 Output Switching 
OE to Bus 


85°C 125°C 
TL/F/10978-24 


tpy_ VS Temperature (Ta) 
C, = 50 pF, 1 Output Switching 
Clock to Bus 


-55°C ~40°C 25°C 85°C 125°C 
TL/F/10978-19 


tpy_ vs Load Capacitance 
1 Output Switching, Ta = 25°C 
Clock to Bus 


50 pF 100pF  150pF 200pF  250pF 
TL/F/10978-21 


tpy_ Vs Load Capacitance 
8 Outputs Switching, Ta = 25°C 
Clock to Bus 


” 50 pF 100 pF 150pF .200pF 250 pF 
TL/F/10978-23 


tp_z vs Temperature (Ta) 
C. = 50 pF, 1 Output Switching 
OE to Bus - 


85°C 125°C 
TL/F/10978-25 


Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables. 





tpz1 vs Temperature (Ta) tpyz Vs Temperature (Ta) 
C, = 50 pF, 1 Output Switching C._ = 50 pF, 1 Output Switching 
OE to Bus 


B5°C = 125°C 
TL/F/10978~26 
B5°C =: 125°C 
TL/F/10978-27 


tpzH VS Temperature (Ta) , tpyz VS Temperature (Ta) 
C, = 50 pF, 8 Outputs Switching C. = 50 pF, 8 Outputs Switching 
OE to Bus OE to Bus 


Typ @ 4.5V 


hal 
ll 





TL/F/10978-28 TL/F/10978-29 


tpz_ vs Temperature (Ta) tp_z vs Temperature (Ta) 
C. = 50 pF, 8 Outputs Switching C,, = 50 pF, 8 Outputs Switching 
OE to Bus ; OE to Bus 


Typ @ 4.5V 


Typ @ 5.5V 





85°C 


TL/F/10978-30 TL/F/10978-31 


Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables. 
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tpz_ vs Load Capacitance tpzy Vs Load Capacitance 
8 Outputs Switching, Ta = 25°C 8 Outputs Switching, Ta ‘= 25°C 


OE to Bus OE to Bus 


Max —ts= v | 
- Typ @ 4.9 


50 pF 100 pF 150 pF 200 pF 250 pF 50 pF 100 pF 150 oF 200 pF 250 pF 
TL/F/10978-32 TL/F/10978-33 


tp_y and tpy_ vs Number Output Switching 
Vec = 5.0V, Ta = 25°C 
C._ = 50 pF, Clock to Bus 


1 OUTPUT 4 OUTPUT 8 OUTPUT ss /F/10978-34 


Icc vs Frequency, Average, 

Ta = 25°C, Vcc = 5.5V 

All Outputs Unioaded/Unterminated; 

All Outputs Switching in phase @50% Duty Cycle 


Ce Ea sl a 
i ee ee ee as 
ae ee ee ee ee 

es eee a 


40 50 60 70 80 90 100 


TL/F/10978-35 


Frequency (MHz) 


Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables. 





tseT LOW vs Temperature (Ta) tser HIGH vs Temperature (Ta) 
C. = 50 pF, 1 Output Switching CL = 50 pF, 1 Output Switching 
Bus to Clock Bus to Clock 


099 


/ =55°C -40°C 25°C 85°C 125°C -55°C -40°C 25°C 85°C 125°C 
. TL/F/10978-36 ; TL/F/10978-37 


tHoLp LOW vs Temperature (Ta) . tHoLp HIGH vs Temperature (Ta) 
C. = 50 pF, 1 Output Switching C._ = 50 pF, 1 Output Switching 
Bus to Clock Bus to Clock 


-55°C -40°C 25°C 85°C 125°C -55°C -40°C 25°C 85°C 125°C 
TL/F/10978-38 TL/F/10978-39 


Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables. 
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ZA National | 


Semiconductor 


54ABT/74ABT652C 


Octal Transceiver/Register with TRI-STATE® Outputs 


General Description 

The 'ABT652C consists of bus transceiver circuits with D- 
type flip-flops, and control circuitry arranged for multiplexed 
transmission of data directly from the input bus or from the 
internal registers. Data on the A or B bus will be clocked into 
the registers as the appropriate clock pin goes to HIGH log- 
ic level. Output Enable pins (OEAB, OEBA) are provided to 
control the transceiver function. 


Features 

m@ Independent registers for A and B buses 

m@ Multiplexed real-time and stored data 

m A and B output sink capability of 64 mA, source capa- 
bility of 32 mA 


Ordering Code: see section 11 


Pin Descriptions 


| PinNames Description 


Ao-A7 Data Register A Inputs/ 
TRI-STATE Outputs 


Bo-B7 Data Register B Inputs/ 


TRI-STATE Outputs 
Clock Pulse Inputs 
Select Inputs 

Output Enable Inputs 


CPAB, CPBA 
SAB, SBA 
OEAB, OEBA 





@ Guaranteed output skew 

m Guaranteed multiple output switching specifications 

m Output switching specified for both 50 pF and 250 pF 
loads 

= Guaranteed simultaneous switching noise level and dy- 
namic threshold performance 

m= Guaranteed latchup protection 

m@ High impedance glitch free bus loading during entire 
power up and power down cycle 

mg Nondestructive hot insertion capability 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


oon om OF me WH 


—_— so 
nu =—- Oo 


TL/F/11512-1 


Pin Assignment for LCC 


As Ay Ay NC Ay Ay Ay 
mo ojayaltay ye 
a 


Ls 
ce eco ea ea as 
B, Bs B, NC B, By OEBA 


TL/F/11512-2 
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Logic Diagram 


TO 7 OTHER CHANNELS 


TL/F/11512-3 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


Functional Description 

In the transceiver mode, data present at the HIGH imped- 
ance port may be stored in either the A or B register or both. 
The select (SAB, SBA) controls can multiplex stored and 
real-time. 

The examples in Figure 1 demonstrate the four fundamental 
bus-management functions that can be performed with the 
"ABT652C. 

Data on the A or B data bus, or both can be stored in the 
internal D flip-flop by LOW to HIGH transitions at the appro- 
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priate Clock Inputs (CPAB, CPBA) regardless of the Select 
or Output Enable Inputs. When SAB and SBA are in the real 
time transfer mode, it is also possible to store data without 
using the internal D flip-flops by simultaneously enabling 


EAB and OEBA. In this configuration each Output reinforc- 


es its Input. Thus when all other data sources to the two 
sets of bus lines are in a HIGH impedance state, each set of 
bus lines will remain at its last state. 
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Functional Description (continued) 


Note A: Real-Time Note B: Real-Time _ Note C: Storage 
Transfer Bus B to BusA Transfer Bus A to Bus B 


ey aay 


BUS A 
BUS B 
BUS A 
BUS B 





a a ae 
, TL/F/11512-6 
TL/F/11512-4 TL/F/11512-5 CEAB OEBA CPAB CPBA SAB SBA 


OEAB OEBA CPAB CPBA SAB SBA OEAB OEBA CPAB. CPBA SAB SBA x H Ae x x x 
L L x x x L H H x x L x L x x ~ x x 
: L H Sf Sf x 


FIGURE 1 


Inputs Inputs/Outputs (Note 1) 
Bp thru By 


—— 
Fa aes ees een Input 
Bean Bes 
us us x Output Input 
ell a ors i ela 
H 


a hall Goal 
ce [ome free] | « [oe fom 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

~“ = LOW to HIGH Clock Transition 


OEAB 


Not Specified 


x 


ik 


L 
L 


Tytler irl[rir yu x<Xir 
<x)jxoler 


a 


= 


Note D: Transfer Storage 
Data toAorB 


BUS A 
BUS B 


+ 
TL/F/11512-7 


CEAB OEBA CPAB CPBA SAB_ SBA 


H L HorlL Hork H x 
Operating Mode 
Isolation 


Store A and B Data 

Store A, Hold B 

Store Ain Both Registers 
Hold A, Store B 

Store B in Both Registers 
Real-Time B Data to A Bus 
Store B Data to A Bus 
Real-Time A Data to B Bus 
Stored A Data to B Bus 


Stored A Data to B Bus and 
Stored B Data to A Bus 


‘Note 1: The data output functions may be enabled or disabled by various signals at OEAB or OEBA inputs. Data input functions are always enabled, i.e., data at the 


bus pins will be stored on every LOW to HIGH transition on the clock inputs. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature 
Ambient Temperature under Bias 


Junction Temperature under Bias 
Ceramic 
Plastic 


Vcc Pin Potential to 
Ground Pin 

Input Voltage (Note 2) 

Input Current (Note 2) 

Voltage Applied to Any Output 
in the Disable or Power-Off State —0.5V to +5.5V 
in the HIGH State —0.5V to Voc 

Note 1: Absolute maximum ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—55°C to + 125°C 


— 55°C to + 175°C 
— 55°C to + 150°C 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0mA 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Input HIGH Voltage 


Vin 


Vit 
Vep 
Vou 


Output HIGH 54ABT/74ABT 
S4ABT 
74ABT 


Output LOW 54ABT 
Voltage 74ABT 


Voltage 





VoL 


Vip 


lH 
IBVI 


IBvIT 


Input LOW Current 





—65°C to +150°C | 


ABT652C 
sais Paamert [in typ ax | vee 


0cS9 


Current Applied to Output 
in LOW State (Max) 


DC Latchup Source Current 
Over Voltage Latchup (I/O) 


twice the rated Io, (mA) 
—500 mA 
10V 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 
Minimum Input Edge Rate 
Data Input 
Enable Input 
Clock Input 


— 58°C to + 125°C 
— 40°C to +85°C 


+4,5V to +5.5V 
+ 4,5V to +5.5V 
(AV/At) 

50 mV/ns 

20 mV/ns 

100 mV/ns 


Conditions 


fv | | Recognized HIGH Signal 


Input LOW Voltage pie = = =) ee Ws dime al Recognized LOW Signal 
Input Clamp Diode Voltage [| 1.2. | V | Min 


ae ES 


input HIGH Current a 


Input HIGH Current Vin = 7. ov (Non-I/O Pins) 
Breakdown Test 

Input HIGH Current 400 VIN = 5.5V (Ap, By) 
Breakdown Test (I/O) 


ae ca 


5 + lozy | Output Leakage Current So | wa | OV-5.5V 
lit + loz. | Output Leakage Current pe OV-5.5V 


‘lin = —18 mA (Non 1/O Pins) 


lou = —3 mA, (An; Bn) 
lon = —24 mA, (An; B,) 
lou = ge mA, (An; Bn) 


lon = 48 mA, (An; Br) 
lo. = 64 mA, (Ap, Bn) 


lip = 1.9 pA, (Non-I/O Pins) 
Sala Other Pins Grounded 


| Max | Vin = = 2.7V or Vcc (Non-I/O Pins) 


| Max | Vin = 0.5V or OV (Non-I/O Pins) 


Vout = 2.7V (An, Bn); 
OEBA = 2.0V and OEAB = GND = 2.0V 


Mele = 0.5V (Ap, Bn); 
= 2.0V and OEAB = GND = 2.0V 
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DC Electrical Characteristics (Continued) 


Symbol Parameter 


los ‘| Output Short-Circuit Current 

IceEX Output HIGH Leakage Current Vout = Vcc (An: Bn) 

lzz Bus Drainage Test 0.0V | Vour = 5.5V (An, Bn); All Others GND 
ICCH Power Supply Current All Outputs HIGH 


Conditions 


Vout = OV (An, Bn) 


ICcL . Power Supply Current | Max | All Outputs LOW 


lecz Power Supply Current Outputs TRI-STATE; 
Ail others at Vcc or GND 
locT Additional Icc/Input 


Vi = Voo — 2.1V 
Iccp Dynamic Icc No Load mA/MHz 
(Note 2) 


All others at Voc or GND 


Outputs Open (Note 1) 

OEAB = OEBA = GND 

One bit toggling, 50% duty cycle 
(Note 1) 

Note 1: For 8 outputs toggling, Iocp < 1.4 mA/MHz. 

Note 2: Guaranteed, but not tested. 


DC Electrical Characteristics (soic package) 


aes 
Tas a7 


Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested. 


Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to theshold (Vj_p), OV to threshold (Vipp). 
Guaranteed, but not tested. 


Note 3: Max number of outputs defined as (n).n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested. 


AC Electr ical Characteristics (SOIC and SSOP package): See Section 2 


Ta = +25°C 
Parameter Vcc = +5.0V 


Max Clock Frequency 


Propagation Delay _ 1.5 
Clock to Bus 1.5 . 


Propagation Delay 1.5 2.6 
Bus to Bus 1.5 3.0 


Propagation Delay 1.5 3.0 
SBA or SAB to Ap to Br, 1.5 3.4 


Enable Time 1.5 3.3 
. [OEBA or OEAB to Ap, or By] 1.5 - 3.7 


Disable Time 1.6 3.7 
OEBA or OEAB to Ay or By} 1.5 3.3 





AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C Ta = —55°C to + 125°C Ta = —40°C to + 85°C Fi 
Symbol Parameter Vcc = +5.0V Voc = 4.5V~-5.5V Vec = 4.5V-5.5V ae 
ae ee = 50 pF eT ene oa 50 pF oa a = 50 pF : 


ts(H) Setup Time, HIGH 2.6 
tg(L) or LOW Bus to Clock 
tH(H) Hold Time, HIGH 2-6 
tH(L) or LOW Bus to Clock 


tw(H) | Pulse Width, = 
tw(L) |HIGH or LOW sg 





Extended AC Electrical Characteristics (SOIC package): See Section 2 for Waveforms 


Ta = —40°Cto + 85°C | Ta = —40°Cto + 85°C. | Ta = —40°C to + 85°C 
Vec = 4.5V-5.5V Vec = 4.5V-5.5V Vcc = 4.5V-5.5V 
Parameter C. = 50 pF C. = 250 pF Ci = 250 pF 
8 Outputs Switching 1 Output Switching 8 Outputs Switching 
(Note 4) (Note 5) (Note 6) 
| owin Max | Min Max | Min Max | 


Progagation Delay 5 5.5 2.0 7.6 2.5 10.0 
Clock to Bus ie 5.5 2.0 7.5 2.5 10.0 
Progagation Delay 1.5 6.0 2.0 7.0 
Bus to Bus 1.5 6.0 2.0 7.0 


Progagation Delay 
SBA or SAB to 
An or By 


Output Enable Time 
OEBA or OEAB to 
An or Bn 


Output Disable Time 
OEBA or OEAB to : ; (Note 7) 
An or Bn 



















(Note 7) 





Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, es 
to-low, etc.). 
Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. This specification pertains to single output switching only. 

" Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (ie., all low-to-high, high- 
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load. 
Note 7: The TRI-STATE delay times are dominated by the RC network (5002, 250 pF) on the output and has been excluded from the datasheet. 


5-69 


2259 





652C 


Skew soic Package) 


Ta = —40°C to + 85°C Ta = —40°C to + 85°C 
Vec = 4.5V-5.5V Vec = 4.5V-5.5V 
Parameter C_ = 50 pF C_ = 250 pF 
8 Outputs Switching 8 Outputs Switching 


Pin to Pin Skew 13 

HL Transitions , 

Pin to Pin Skew es 

LH Transitions : 
tps Duty Cycle 
(Note 5) | LH—HL Skew 

Pin to Pin Skew 

LH/HL Transitions 


tpy Device to Device Skew 
(Note 2) | LH/HL Transitions 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tosHi), LOW to HIGH (toszH), or any combination switching LOW to HIGH and/or HIGH to LOW . 
(togt). This specification is guaranteed but not tested. 


Note 2: Propagation delay variation for a given set of conditions (i.e.,.temperature and Voc) from device to device. This specification is guaranteed but not tested. 


Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH, 
HIGH-to-LOW, etc.). 


Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. 


Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the 
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested. 


Parameter Conditions 
(Ta = 25°C) 


| InputCapacitance —_| Capacitance Voc = OV (non I/O pins) 


Cio (Note 1) I/O Capacitance Voc = 5.0V (An, Bn) 


Note 1: Cio is measured at frequency, f = 1 MHz, per MIL-STD-883D, Method 3012. 


Capacitance 





tpLH VS Temperature (T,) tpHL VS Temperature (Ta) 
C_ = 50 pF, 1 Output Switching C, = 50 pF, 1 Output Switching 
Clock to Bus Clock to Bus 


#25°C #85°C = +125°C +25°C #85°C = + 125°C 
TL/F/11512-16 TL/F/11512-17 
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tpLy VS Temperature (Ta) 
CL = 50 pF, 1 Output Switching 
Bus to Bus 


+25°C #85°C = + 125°C 
TL/F/11512-18 


tpLH vs Temperature (Ta) 
Cy, = 50 pF, 1 Output Switching 


SBA or SAB to Ap or By 
Paes 


Typ @ 5.5V 


-55°C -40°C +#25°C #85°C }=— 125°C 
TL/F/11512-20 


tp_y Vs Load Capacitance 
1 Output Switching, Ta = 25°C 
Clock to Bus 


SO0pF 100pF 150pF 200pF 250pF 
TL/F/11512-22 
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tpp VS Temperature (Ta) 
C_ = 50 pF, 1 Output Switching 
Bus to Bus 


“55°C = -409°C = #25°C  — +85°C 125°C 
: TL/F/11512-19 


tpy_ Vs Temperature (Ta) 
C._ = 50 pF, 1 Output Switching 
SBA or SAB to A, or By 


-55°C = =409°C = #25°C = #85°C + 1259C 
: TL/F/11512-21 


tpy_ VS Load Capacitance 
1 Output Switching, Ta = 25°C 
Clock to Bus 


50 pF 100 pF 150 pF 200pF 250 pF 
TL/F/11612-23 
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tp_y vs Load Capacitance 
1 Output Switching, Ta = 25°C 
Bus to Bus 


Typ @ 4.5V ow 


— - 


Typ @ 5.5V 


50 pF 100 pF 150 pF 200 pF 250 pF 
TL/F/11512-24 


tp_Ly Vs Load Capacitance 
1 Output Switching, Ta = 25°C 
’ SBA or SAB to A, or Bh 


50 pF 100 pF 150 pF 200pF 250pF 
TL/F/11512-26 


tp_y vs Load Capacitance 
8 Outputs Switching, Ta = 25°C 
Clock to Bus 


50 pF 100 pF 150 pF 200 pF 250 pF 
: TL/F/11512-28 
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tpy_ vs Load Capacitance 
1 Output Switching, Ta = 25°C 
Bus to Bus 


Typ @ 5.5V 


50pF  100pF 150pF  200pF 250pF 
TL/F/11512~-25 


tpy_ vs Load Capacitance 
1 Output Switching, Ta = 25°C 
SBA or SAB to A, or By, 


50 pF 100 pF 150 pF 200pF 250 pF 
. TL/F/11512-27 


tpy_ vs Load Capacitance 
8 Outputs Switching, Ta = 25°C 
Clock to Bus 


50 pF 100 pF 150 pF 200 pF 250 pF 
TL/F/11512-29 





tp_y vs Load Capacitance 
8 Outputs Switching, Ta = 25°C 
Bus to Bus 


50 pF 100 pF 150 pF 200 pF 250 pF 
TL/F/11512-30 


tp_y VS Load Capacitance 
8 Outputs Switching, Ta = 25°C 
SBA or SAB to Ay, or By 


SO0pF 100pF 150pF  200pF  250pF 
TL/F/11512-32 


tpz_ vs Temperature (Ta) 
_C._ = 50 pF, 1 Output Switching 


+85°C = + 125°C 
TL/F/11512-34 





tpy_ Vs Load Capacitance 
8 Outputs Switching, Ta = 25°C 
Bus to Bus 


0259 


50pF 100pF 150pF 200pF 250pF 
TL/F/11512-31 


tpy_ Vs Load Capacitance 
8 Outputs Switching, Ta = 25°C 
SBA or SAB to A, or By, 


50pF  100pF 150pF  200pF  250pF 
TL/F/11512-33 


tp_z vs Temperature (Ta) 
C, = 50 pF, 1 Output Switching 


+25°C +85°C = +125°C 
TL/F/11512-35 
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tpzy Vs Temperature (Ta) 
C, = 50 pF, 1 Output Switching 


Typ @ 4.5V 


-55°C -40°C #25°C #85°C = +#125°C 
TL/F/11512-36 


tpzy VS Temperature (Ta) 
C._ = 50 pF, 8 Outputs Switching 


TL/F/11512-38 


tpz_ vs Temperature (Ta) 
C, = 50 pF, 8 Outputs Switching 


TL/F/11512-40 
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tpyz vs Temperature (Ta) 
C._ = 50 pF, 1 Output Switching 


-55°C ~40°C +25°C #85°C = + 125°C 
TL/F/11512-37 


tpyz vs Temperature (Ta) 
C. = 50 pF, 8 Outputs Switching 


Typ @ 4.5V 


Typ @ 5.5V 


+85°C 
TL/F/11512-39 


tp_z vs Temperature (Ta) 
C, = 50 pF, 8 Outputs Switching 


~ TL/F/11512-41 
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tpz_ vs Load Capacitance tpzy Vs Load Capacitance 
8 Outputs Switching 8 Outputs Switching 
Ta = 25°C 


50pF 100pF 150pF 200pF 250pF 50pF 100pF 150pF  200pF 250pF 
TL/F/11512-42 TL/F/11512-43 


tp_y and tpy_ vs Number Output Switching tp_y and tpy_ vs Number Output Switching 
Voc = 5V, Ta = 25°C, C_ = 50 pF Vec = 5V, Ta = 25°C, C_ = 50 pF 
Clock to Bus Bus to Bus 


eee Le 
"PLN Typ. Typ. 


1 Output 4 Outputs 8 Outputs 1 Output 4 Outputs 8 Outputs 
TL/F/11512-44 TL/F/11512-45 


tp_y and tpy,_ vs Number Output Switching 
Voc = 5V, Ta = 25°C, C_ = 50 pF 
SBA or SAB to A, or By, 





1 Output 4 Outputs 8 Outputs . 
TL/F/11512-46 
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ZA National 


Semiconductor 


54ABT/74ABT899 | 
9-Bit Latchable Transceiver 


PRELIMINARY 


with Parity Generator/Checker 


General Description 


The ’ABT899 is a 9-bit to 9-bit parity transceiver with trans- 
parent latches. The device can operate as a feed-through 
transceiver or it can generate/check parity from the 8-bit 
data busses in either direction. 

The 'ABT899 features independent latch enables for the 
A-to-B direction and the B-to-A direction, a select pin for 
ODD/EVEN parity, and separate error signal output pins for 
checking parity. 


Features 

m@ Latchable transceiver with output sink of 64 mA 

m Option to select generate parity and check or “feed- 
through” data/parity in directions A-to-B or B-to-A 

m Independent latch enables for A-to-B and B-to-A direc- 
tions 

m Select pin for ODD/EVEN parity 

m ERRA and ERRB output pins for parity checking 


Ordering Code: see Section 11 
Connection Diagrams 


Pin Assignment for PCC 


Az Ag As Ay Az Ap Ay 
OOOO) 


APAR [fq] 
GBA (3) 
GND fq] 

ERRB [13] 
SEL fa) 
LEB 

BPAR 


[4 Ay 

BI LEA 

[2] ERRA 

[a opD/EVEN 
EB Voc 

GAB 
ro 


fa Bod Gi Ba BS Ba GS 
By Bg Bs By, Bs Bp B 
TL/F/11509-2 


u Ability to simultaneously generate and check parity 

m May be used in systems applications in place of the 
543. and '280 

™ May be used in system applications in place of the ’657 
and '373 (no need to change T/R to check parity) - 

@ Guaranteed output skew 

= Guaranteed multiple output switching specifications 

= Output switching specified for both 50 pF and 250 pF 
loads 


‘mg Guaranteed simultaneous switching noise level and dy- 


namic threshold performance 

m@ Guaranteed latchup protection 

m High impedance glitch free bus loading during entire 
power up and power down cycle , 

m@ Nondestructive hot insertion capability 

gw Disable time less than enable time to avoid bus conten- 
tion 


Pin Assignment for 
. DIP, SOIC and Flatpak 


ODD/EVEN 
ERRA 
LEA 


Ao 
A 


Ap 


o on FWD WF ee WwW HS 


TL/F/11509-1 


Description 


A Bus Data Inputs/Data Outputs 
B Bus Data Inputs/Data Outputs 


APAR, BPAR 
ODD/EVEN 
GBA, GAB 
SEL 

LEA, LEB 


ERRA, ERRB 


Aand B Bus Parity Inputs/Outputs 

ODD/EVEN Parity Select, Active LOW for EVEN Parity 

Output Enables for A or B Bus, Active LOW 

Select Pin for Feed-Through or Generate Mode, LOW for Generate Mode 
Latch Enables for A and B Latches, HIGH for Transparent Mode 

Error Signals for Checking Generated Parity with Parity In, LOW if Error Occurs 
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A inti — Bus A (B) communicates to Bus B (A) in a feed-through 
Functional Description mode if SEL is HIGH. Parity is still generated and 


The 'ABT899 has three principal modes of operation which checked as ERRA and ERRB in the feed-through mode 
are outlined below. These modes apply to both the A-to-B (can be used as an interrupt to signal a data/parity bit 
and B-to-A directions. error to the CPU). 


— Bus A (B) communicates to Bus B (A), parity is generat- — Independent Latch Enables (LEA and LEB) allow other 


ed and passed on to the B (A) Bus as BPAR (APAR). If permutations of generating/checking (see Function Ta- 
LEB (LEA) is HIGH and the Mode Select (SEL) is LOW, ble below). 


the parity generated from B[0:7] (A[0:7]) can be 
checked and monitored by ERRB (ERRA). 


Function Table 


| inputs 
GAB | GBA | SEC | LEA LEB Operation 


Busses A and B are TRI-STATE®. 

H L L L H_ | Generates parity from B[0:7] based on O/E (Note 1). Generated parity 
— APAR. Generated parity checked against BPAR and output as 
ERRB. 

H L L H H | Generates parity from B[0:7] based on O/E. Generated parity —> 
APAR. Generated parity checked against BPAR and output as ERRB. 

Generated parity also fed back through the A latch for generate/check 

as ERRA. 
Generates parity from B latch data based on O/E. Generated parity 
— APAR. Generated parity checked against latched BPAR and 
output as ERRB. 
BPAR/B[0:7] —» APAR/A0:7] Feed-through mode. Generated parity 
checked against BPAR and output as ERRB. 
BPAR/B[0:7] —> APAR/A[0:7] 
Feed-through mode. Generated parity checked against BPAR and 
output as ERRB. Generated parity also fed back through the A latch for 
generate/check as ERRA. 

L L H L | Generates parity for A[0:7] based on O/E. Generated parity — 
BPAR. Generated parity checked against APAR and output as ERRA. 

L H L H H | Generates parity from A[0:7] based on O/E. Generated parity 

BPAR. Generated parity checked against APAR and output as ERRA. 

Generated parity also fed back through the B latch for generate/check 
as ERRB. 

L H L L X_ | Generates parity from A latch data based on O/E. Generated parity 
—> BPAR. Generated parity checked against latched APAR and 
output as ERRA. - 

L H H L | APAR/A[0:7] — BPAR/B[0:7] 
Feed-through mode. Generated parity checked against APAR and 
output as ERRA. 

H | APAR/A[0:7] — BPAR/B[0:7] 

Feed-through mode. Generated parity checked against APAR and 
output as ERRA. Generated parity also fed back through the B latch for 
generate/check as ERRB. 


= HIGH Voltage Level 
= LOW Voltage Level! 
‘ : = Immaterial 


Note 1: 0/E = ODD/EVEN 
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Functional Block Diagram 


GAB 


Output 
Buffer 


OE 


OOD/EVEN 
LEB 
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PARITY 
GENERATOR 


9-bit 
Output 
Buffer 


TRANSPARENT 


LATCH 





—— TTT 


TL/F/11509-5 





Absolute Maximum Ratings (note 1) 

if Military/Aerospace specified devices are required, Current Applied to Output 

please contact the National Semiconductor Sales in LOW State (Max) twice the rated Io, (mA) 
Office/Distributors for availability and specifications. DC Latchup Source Current —500 mA 


Storage Temperature —65°C to + 150°C Over Voltage Latchup (I/O) 10V 
Ambient Temperature under Bias —§5°C to + 125°C . 
Junction Temperature under Bias Recommended Operating 


Ceramic —55°C to + 175°C Conditions 


Plastic —55°C to + 150°C 
Free Air Ambient Temperature 


Vcc Pin Potential to M j " 
: ilitary - —55°C to + 125°C 
moana rin OSV to: 7-0V Commercial ~—40°C to + 85°C 


Input Voltage (Note 2) —0.5V to +7.0V Supply Voltage 

Input Current (Note 2) —30 mA to +5.0.mA Military +4.5V to +5.5V 

Voltage Applied to Any Output . ’ Commercial _+4.5V to +5.5V 
in the Disable or Power-Off State —0.5V to + 5.5V Minimum Input Edge Rate (AV/At) 
in the HIGH State —0.5V to Voc Data Input 50 mV/ns 


Note 1: Absolute maximum ratings are values beyond which the device may Enable Input 20 mV/ns 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


ee 
| Min Typ Max | 


Vip Input HIGH Voltage ine ae | OT" I Recognized HIGH Signal 
VIL Input LOW Voltage Hoe | v |_| Recognized LOW Signal 
tes Input Clamp Diode Voltage Pt. fv | Min [hy = —18 mA (Non 1/0 Pins) 


Output HIGH Voltage 54ABT/74ABT| 2.5 lo = —3 mA, (Aq, Bn, APAR, BPAR) 
54ABT 2.0 lon = —24mA, (An, Bn, APAR, BPAR) 
74ABT 2.0 low = —32 MA, (An, Bn, APAR, BPAR) 


VoL Output LOW Voltage 54ABT Vv lo. = 48 mA, (Ap, Bn, APAR, BPAR) 
74ABT lo. = 64 mA, (An, Bn, APAR, BPAR) 
Vip Input Leakage Test 4.75 Vv lip = 1.9 pA, (Non-I/O Pins) 
: All Other Pins Grounded 


ue Input HIGH Current PB pA Max | Vin = 2.7V or Voc (Non-I/0 Pins) 

Ipvi Input HIGH Current 7 pA Vin = 7.0V (Non-!/O Pins) 
Breakdown Test 

IBvIT Input HIGH Current VIN = §.5V (Ap, Bn, APAR, BPAR) 
Breakdown Test (!/O) 


He Input LOW Current a Vin = 0.5V or OV (Non-I/O Pins) 


lin + lozH} Output Leakage Current OV-5.5V| Vout = 2.7V (Ap, Bn); 
GAB and GBA = 2.0V 
li + loz_ {Output Leakage Current OV-5.5V] Vour = 0.5V (Ap, Bn); 
GAB and GBA = 2.0V 


los Output Short-Circuit Current —100 —275 | Vout = OV (An, Bn, APAR, BPAR) 
lcex Output HIGH Leakage Current So Cee Vout = Voc (An, Bn, APAR, BPAR) 


|zz Bus Drainage Test 0.0V |Vout = 5.5V (An, Bh, APAR, BPAR); 
All Others GND 


icc _|Power Supply Current F400 | pA | Max |All Outputs HIGH 
loc Power Supply Current | 84 mA Max | All Outputs LOW 


locz Power Supply Current pA Outputs TRI-STATE 

All Others at Voc or GND 
loct Additional I¢c/Input = Voc — 2.1V 

H Others at Voc or GND 


lecp Dynamic Icc 0.18 |mA/MHz Outputs Open 
(Note 2) GAB or GBA = GND, 
; ; Non-I/O = GNDor Vcc 
One bit toggling, 50% duty cycle 


Note 2: Guaranteed, but not tested. 
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_ DC Electrical Characteristics (Picc package) 


| F Conditions 

LA Cr = 50 pF, RL = 5000 
Quiet Output Maximum Dynamic Vo, 0.8 1.0 Ta = 25°C (Note 1) 
Quiet Output Minimum Dynamic Vo. Ta =. 25°C (Note 1) 


Minimum High Level Dynamic Output Voltage Ta = 25°C (Note 3) 
Minimum High Level Dynamic Input Voltage 2.0 Ta = 25°C (Note 2) 
Maximum Low Level Dynamic Input Voltage 1.2 0.8 nr Ta = 25°C (Note 2) 


Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested. 


Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to theshold (Vi_p), OV to threshold (Viz). 
Guaranteed, but not tested. ‘ ; 


Note 3; Max number of outputs defined as (n).n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested. 





AC Electrical Characteristics (picc package): See Section 2 for Waveforms 


Ta = —55°C to + 125°C Ta = —40°C to + 85°C 
Parameter Vcc = +5.0V Voc = 4.5V-5.5V Vec = 4.5V-5.5V 
C_ = 50 pF C. = 50 pF 


Propagation Delay .| 1.0 
An, APAR to Bp, BPAR 


Propagation Delay 
An, Bn to BPAR, APAR 


Propagation Delay 
An, Bn to ERRA, ERRB 2.8 


Propagation Delay 1.0 
APAR, BPAR to ERRA, ERRB} 1.0 
Propagation Delay : 2.0 
ODD/EVEN to APAR, BPAR | 2.0 
Propagation Delay 1.8 
ODD/EVEN to ERRA, ERRB | 1.8 
Propagation Delay 1.0 
SEL to APAR, BPAR 1.0 


Propagation Delay 1.0 
LEA, LEB to Bry, An 1.0 


Propagation Delay 1.5 
LEA, LEB to BPAR, APAR 1.5 
Propagation Delay 1.6 
LEA, LEB to ERRA, ERRB 1.6 


Output enable time 
GBA or GAB to Ap, 
APAR or By, BPAR 


Output disable time 
GBA or GAB to Ap, 
APAR or B,; BPAR 
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AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C | Ta = —55°Cto + 125°C Ta = —40°C to + 85°C 
Parameter Voc = +5.0V Vec = 4.5V=5.5V- Vec = 4.5V-5.5V 


Setup Time, HIGH or LOW Ap, 
APAR to LEA or Bp, BPAR to LEB 


Hold Time, HIGH or LOW A,, 
APAR to LEA or By, BPAR to LEB 


Pulse Width, HIGH 
LEA or LEB 
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Extended AC Electrical Characteristics (eicc package) ; 


74ABT 74ABT 74AB 


Ta = +25°C Ta = —55°C to + 125°C | Ta = —40°C to + 85°C 
Vec = +5.0V Vec = 4.5V-5.5V Vec = 4.5V-5.5V 
Parameter Ci = 50 pF C._ = 250 pF: Cy. = 250 pF 
9 Outputs Switching 1 Output Switching 9 Outputs Switching 
(Note 4) . (Note 5) (Note 6) 


froggle |Max Toggle Frequency 


tPLH Propagation Delay 
tPHL An, APAR to By, BPAR 


teLH Propagation Delay 
tpHL An, Bp to BPAR, APAR 


tpi; | Propagation Delay 
tPHL An, Bn toERRA,ERRB 


teLH Propagation Delay 

teHL APAR, BPAR to ERRA, ERRB 
teLy Propagation Delay 

teHL ODD/EVEN to APAR, BPAR 


teLH Propagation Delay 


tpy: | ODD/EVEN to ERRA, ERRB 


tpLH Propagation Delay ; 
tpHL SEL to APAR, BPAR 


tpLH Propagation Delay 
tpuL LEA, LEB to By, An 


tPLH Propagation Delay 
teHL LEA, LEB to BPAR, APAR 
tPLH Propagation Delay 
teHL LEA, LEB to ERRA, ERRB 


tpzH Output enable time 
tpzL GBA or GAB to Ap, 
APAR or By, BPAR 


tpHz Output disable time 
tpLz GBA or GAB to Ap, 
APAR or Bp, BPAR 





Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.). ; 


Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. This specification pertains to single output switching only. 


Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.) with 250 pF load capacitors in place of the 50 pF foad capacitors in the standard AC load. 


Note 7: The TRI-STATE delay time is dominated by the RC network (5002, 250 pF) on the output and has been excluded from the datasheet. 
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Skew (PLCC package) (Note 3) 


Ta = —40°C to + 85°C Ta = —40°C to + 85°C 
Voc = 4.5V-5.5V Vec = 4.5V-5.5V 
Parameter C. = 50 pF Cy = 250 pF 
9 Outputs Switching 9 Outputs Switching 
(Note 3) (Note 4) 


tosHL Pin to Pin Skew , 13 59 
(Note 1) | HL Transitions : / ; 
-tOSLH Pin to Pin Skew 1.0 
(Note 1) | LH Transitions , 
Duty Cycle 
(Note 5) | LH-HL Skew 


Pin to Pin Skew 

LH/HL Transitions 
tpy Device to Device Skew 20 
(Note 2) | LH/HL Transitions : 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tosp), LOW to HIGH (tos_H), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tost). This specification is guaranteed but not tested. 


Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested. 


Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH, 
HIGH-to-LOW, etc.). 


Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF !oad capacitors in 
the standard AC load. : 


Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the 
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested. 


Parameter 


[ume 
Input Pin Capacitance |__| oF 
Cvo (Note 1) Output Capacitance 


Note 1: Cj/o is measured at frequency, f = 1 MHz, per MIL-STD-883B, Method 3012. 


Capacitance 


Conditions 
Ta =.25°C 
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AC Path 


An, APAR 
(Bn, BPAR) 


Bn, BPAR 
(An, APAR) OUTPUT 


An, APAR —> Bp, BPAR : TL/F/11509-6 
(B,, BPAR — An, APAR) 
FIGURE 3 


SEL 
0/E 
LEA 
(LEB) 


A(O:7 


(8[0:7] ODD PARITY INPUT 


BPAR 
(APAR) OUTPUT 


An — BPAR 
(Bh — APAR) TL/F/11509-7 


o/E 


APAR 
(BPAR) 


LEA 
(LEB) 


ODD PARITY INPUT 


A[0:7 
(oto) 


ERRA 


(ERRB) 


OUTPUT 


TL/F/11509-8 
FIGURE 5 


APAR 
(BPAR) 


ets] x EVEN PARITY INPUT 


INPUT 


OUTPUT 


TPHL 


TL/F/11509-9 
FIGURE 6 
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AC Path (Continued) 
0 


7 7 


APAR 0 
(BPAR) 


cheat EVEN PARITY INPUT 


0o/E 


OUTPUT 


O/E — BPAR 


(O/E — APAR) TL/F/11509-10 


FIGURE 7 


0 


o/E 


>, Sane a! 


APAR 
(BPAR) 


cis OUTPUT 


(ERRB) 


APAR — ERRA TPHL 


(BPAR — ERRB) TL/F/11509-11 


FIGURE 8 


_ 1 
O/E 


APAR 
(BPAR) 9 


A{0:7] 
(B[0:7]) 


LEA 
(LEB) 


ERRB 


(ERRA) 


OUTPUT 


TPLH 
TL/F/11509-12 
FIGURE 9 


SEL 


GAB 
(GBA) 


BPAR, B[0:7] 


(APAR, A[0:7]) OUTPUT 


TL/F/11509-13 
FIGURE 10 
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AC Path (Continued) 


BPAR, B[0:7] 
(APAR, A[0:7]) 


o/E 


APAR 
(BPAR) 


ceo x EVEN PARITY . 


BPAR 
(APAR) 


SEL —> BPAR 
(GEL — APAR) 


A[0:7], APAR 
(B[0:7], BPAR) 


LEA 
(LEB) 


B[0:7], BPAR 
(A[0:7], APAR) 


LEA ~—> BPAR, B[0:7] 
(LEB — APAR, A[0:7]) 


FIGURE 11 


FIGURE 12 


FIGURE 13 
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OUTPUT 


TL/F/11509-14 


OUTPUT 


TL/F/11509-15 


OUTPUT 


TL/F/11509-16 





AC Path (Continued) 


LEA 
(LEB) 


APAR, A[0:7] 
(BPAR, B[0:7]) 


TS(H), TH(H) 


LEA — APAR, A[0:7] 
(LEB — BPAR, BI0:7]) 


LEA 
(LEB) 


APAR, A[0:7] 
(BPAR, B[0:7]) 


TS(L), TH(L) 
LEA —> APAR, A[0:7] 
(LEB — BPAR, B{0:7]) 


LEA 
(LEB) 


APAR, A[0:7] 
(BPAR, B[0:7]) 


BPAR, A[0:7] 
(APAR, B[0:7]) 


TS(H) 


FIGURE 14 


TS(L) 


FIGURE 15 


FIGURE 16 
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TL/F/11509-17 


TL/F/11509-18 


OUTPUT 


TL/F/11509-19 
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2244C 


CA National PRELIMINARY 


Semiconductor 


54ABT/74ABT2244C 
Octal Buffer/Line Driver 
with 250 Series Resistors in the Outputs 


General Description Features : 
The ’ABT2244C is an octal buffer and line driver designed ~ ™ Guaranteed output skew 
to drive the capacitive inputs of MOS memory drivers, ad- m Guaranteed multiple output switching specifications 
dress drivers, clock drivers, and bus-oriented transmitters/ | m Output switching specified for both 50 pF and 250 pF 
receivers. loads 
The 250 series resistors in the outputs reduce ringing and m Guaranteed simultaneously switching noise level and 
eliminate the need for external resistors. dynamic threshold performance 

@ Guaranteed latchup protection 

High impedance glitch-free bus loading during entire 

power up and power down cycle 
@ Nondestructive hot insertion capability 


Ordering Code: see Section 11 


Connection Diagrams 


' Pin Assignment 
for DIP, SOIC and Flatpak Description 


Output Enable Input (Active Low) 
Inputs 
Outputs 





IGH Voltage Level Immaterial 
OW Voltage Level High Impedance 


TL/F/10991-1 
Schematic of Each Output 


Pin Assignment Voc 
for LCC 


Is 0 Ip 05 | 
EAREAP CAB ESICS 


nk 


ATATATATA = 
= = 
Xb G88 ,8 iY 
(14) (5) (6) 7) fe) 
02 Is 1 ly O% TL/F/10991-2 





TL/F/10991-3 





5-88 


Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, DC Latchup Source Current —500 mA 
please contact the National Semiconductor Sales Over Voltage Latchup (1/0) 10V 
Office/Distributors for availability and specifications. Note 1: Absolute maximum ratings are values beyond which the device may 
Storage Temperature —65°C to + 150°C be damaged or have its useful life impaired. Functional operation under 
Ambient Temperature under Bias —55°C to + 125°C piges condos je nen kngled: 

Junction Temperature under Bias 


Ceramic —55°C to + 175°C Recommended eperannd 


Plastic , “56°C to + 150°C Conditions 


Vcc Pin Potential to 
Ground Pin —0.5V to +7.0V FF aa Seti paaeae 


Input Voltage (Note 2) —0.5V to + 7.0V Commercial —40°C to +85°C 
Input Current (Note 2) —30 mA to +5.0mA Supply Voltage 


Voltage Applied to Any Output : Military +4,5V to +5.5V 
in the Disabled or Commercial +4,5V to + 5.5V 
Power-off State —0.5V to 5.5V Minimum Input Edge Rate (AV/At) 
in the HIGH State —0.5V to Voc Data Input 50 mV/ns 

Current Applied to Output Enable Input 20 mV/ns 
in LOW State (Max) twice the rated lo, (mA) 


Jrbrec 


Note 2; Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter — [Min Typ Max | Vcc Conditions 
Vin _[inputhiGHVotage ———=S=S~C~=~“rCSS*| SV ~*|_( Recognized HIGH Signal 
Vi _[lnputtowvoltage ——SSSC*dTSSSCSCSC~CSB | «|__| Recognized LOW Signal 
Von [OutputHIGH  [SaaBT/7aaBT | 25 —«|_V | Min [lon = —9mA 
vollage sans | 20S CS *| Min‘ lg = —12mA 
rans | 20 S*Y CS ~*Y Min‘ lg = — 92m 
Vo. [Outputow [saast |B | (| Min [icy = 12 mA 
ee ee ae a ion = 18mA 


Ny Input HIGH Current 5 A Vin = 2.7V 
5 es Vin = Voc 


Input HIGH Current Breakdown Test PA] Max | Vin = 7.0V 
Input LOW Current A Vin =.0.5V 
Be Vin = 0.0V 
Input Leakage Test 4.75 Vv lip = 1.9 pA 
é All Other Pins Grounded 


locz Power Supply Current OEn = 
pe All ies a Voc or GND 


loct Additional Outputs Enabled mA = Voc — 2.1V 
Ioc/Input Outputs TRI-STATE® mA as InputV; = Voc — 2.1V 
Outputs TRI-STATE pA Data Input Vj = Voc — 2.1V 
: All Others at Vcc or GND 


Dynamic loc No Load mA/ Outputs Open 
(Note 2) MHz OEn = GND (Note 1) 
One Bit Toggling, 50% Duty Cycle 


Note 1: For 8 bits toggling, Iocp < 0.8 mA/MHz. 
Note 2: Guaranteed, but not tested. 
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DC Electrical Characteristics (soic package) 


| See e ae Voc | o, = sopr, mr 5000 

Ta = 25°0 (Note 1) 
| Quist Output Minimum DynamicVo. | 0.5 03 | Ta = 25° (Note 1) 
Ta = 25°0 (Note 3) 
Ta = 25°C (Note 2) 
Maximum Low Level Dynamic Input Voltage Ta = 25°C (Note 2) 


‘Note 1: Max number of outputs defined as (n). n-1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested. 


Note 2: Max number of data inputs (n) switching. n-1 inputs switching OV to 3V. Input-under-test switching: 3V to threshold (Vi_p), OV to threshold (Viyp). 
Guaranteed, but not tested. 


Note 3: Max number of outputs defined as (n).n — 1 data inputs are driven OV to 8V. One output HIGH. Guaranteed, but not tested. 


AC Electrical Characteristics (SOIC and SSOP package) : See Section 2 for Waveforms 


Ta = —55°C to + 125°C | Ta = —40°Cto +85°C 
Parameter Voc = 4.5V~5.5V Voc = 4.5V-5.5V 
C, = 50 pF C. = 50 pF 


Min Typ Max| Min Max__| 


Propagation | 1.0 22 3.6 
Delay Data - 
to Outolite 10 29 4.1 


Output Enable | 1.5 3.7 - 6.0 1.5 
Time 15 43 .65 1.5 
Output Disable} 1.0 3.5 6.0 1.0 
Time 10 3.7 56 1.0 





— 40°C to + 85°C Ta = —40°Cto + 85°C | Ta = —40°C to + 85°C 
Veco = 4.5V-5.5V Vcc = 4.5V-5.5V Vec = 4.5V—-5.5V 
Parameter C._ = 50 pF C._ = 250 pF C_ = 250 pF 
8 Outputs Switching 1 Output Switching 8 Outputs Switching 
(Note 4) (Note 5) (Note 6) 


| Min Typ Max | Min Max | Min Max _| 
MaxToggleFrequency| 100 | 


Propagation Delay 1.5 6.0 1.5 6.0 2.5 8.5 
Data to Outputs 1.5 6.0 1.5 10.0 2.5 11.0 
Output Enable Time 1.5 6.5 2.5 7.5 2.5 10.0 
1.5 7.0 2.5 11.0 2.5 12.5 
Output Disable Hime : . (Note 7) (Note 7) Fs | 


Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all fow-to-high, high- 
to-low, etc.). ‘ 


Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. This specification pertains to single output switching only. 

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load. ; . 


Note 7: The TRI-STATE delays are dominated by the RC network (5002, 250 pF) on the output and has been excluded from the datasheet. 
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Skew (SOIC package) 


"Ta = —40°C to + 85°C Ta = —40°C to + 85°C 
Voc = 4.5V-5.5V Vec = 4.5V-5.5V 
Parameter CL = 50 pF C. = 250 pF 
8 Outputs Switching 8 Outputs Switching 
(Note 3) (Note 4) 


tOSHL Pin to Pin Skew 1.3 
(Note 1) HL Transitions : 
tosLH Pin to Pin Skew 1.0 18 
(Note 1) LH Transitions ° . 
tps Duty Cycle 20 
(Note 5) LH-HL Skew : 
Pin to Pin Skew 
LH/HL Transitions 
tpy Device to Device Skew 20 
(Note 2) LH/HL Transitions : 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tosp,), LOW to HIGH (toszH), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tog). The specification is guaranteed but not tested. 

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested. 
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.) A 

Note 4: These specifications guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors 
in the standard AC load. 

Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the 
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested. 


Tan ae 


Ubrree 


Capacitance 


Input Capacitance | 50 
Cour (Note 1) OutputGapacitance | 9.0 | 


Note 1: Court is measured at frequency f = 1 MHz, per MIL-STD-883B, Method 3012. 
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Typical Performance Characteristics 


TpLy VS Temperature (Ta) 
C, = 50 pF, 1 Output Switching 


85°C 


TpLy vs Load Capacitance 
1 Output Switching, Ta = 25°C 


TpLy VS Load Capacitance 
‘ 8 Outputs Switching, Ta = 25°C 


TPHL VS Temperature (Ta) 
C, = 50 pF, 1 Output Switching 


125°C , 85°C 125°C 
TL/F/10991-12 TL/F/10991-13 


Dashed lines represent design characteristics; for specified guarantees, re- 
fer to AC Characteristics Tables. ° 


TpuH_ VS Load Capacitance 
1 Output Switching, Ta = 25°C 


TL/F/10991-14 yO _ TL/F/10991-15 


TpHL VS Load Capacitance 
8 Outputs Switching, Ta = 25°C 


TL/F/10991-16 TL/F/10991-17 
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Typical Performance Characteristics (Continued) 


Tpz_ VS Temperature (Ta) 
C, = 50 pF, 1 Output Switching 


85°C 125°C 
TL/F/10991-18 


Tpzy Vs Temperature (Ta) 
C, = 50 pF, 1 Output Switching 


pase 
TYP @ 5.5V 


85°C 125°C 
TL/F/10991-20 


TpzH VS Temperature (Ta) 
. C._ = 50 pF, 8 Outputs Switching 


TL/F/10991-~22 
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Tpiz vs Temperature (Ta) 
C_ = 50 pF, 1 Output Switching 





TYP @ 4. SV | 


re sav] 
85°C 125°C 
TL/F/10991-19 


TpHz vs Temperature (Ta) 
C._ = 50 pF, 1 Output Switching 





MAX 


85°C 125°C 
TL/F/10991-21 


Tpyz vs Temperature (Ta) 


CL = 


50 pF, 8 Outputs Switching 


TYP @ 4.5V 
a 
Tres | 


TL/F/10991-23 





OPPee 
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Typical Performance Characteristics (continued) 


Tpz_ vs Temperature (Ta) Tpiz vs Temperature (Ta) 
C,, = 50 pF, 8 Outputs Switching C, = 50 pF, 8 Outputs Switching 


ee 
—— eee 


 TL/F/10991-24 , TL/F/10991-25 


Tpz_ vs Load Capacitance Tpzy Vs Load Capacitance 
8 Outputs Switching, Ta = 25°C 8 Outputs Switching, Ta = 25°C 
0 .00 


TL/F/10991-26 TL/F/10991-27 


_TeLH vs Number Output Switching TpHL VS Number Output Switching 


Veco = 5.0V, Ta = 25°C, CL = 50 pF 5.00 NEG = 5.0V) Ta = 25°C, Cy = 50 pF 


5.00 


4.00 ae = ae 
e az 
i be ee semente 
| | s [eo 
0.00 0.00 
1 OUTPUT 4 OUTPUT S OUTPUT t OUTPUT 4 OUTPUT 8 OUTPUT 
TL/F/10991~28 TL/F/10991-29 
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Typical Performance Characteristics (Continueq) 


Icc VS Frequency, Average, Ta = 25°C, 
* All Outputs Unloaded/Unterminated 


30° 40 50 60 70 80 


Frequency (MHz) 
TL/F/10991-30 
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2541C 


GA National 


Semiconductor 


54ABT/74ABT2541C 
Octal Buffer/Line Driver 


with 252 Series Resistors in the Outputs 


General Description 

The ’ABT2541C is an octal buffer and line driver designed 
to drive the capacitive inputs of MOS memory drivers, ad- 
dress drivers, clock drivers, and bus-oriented transmitters/ 
receivers. Functionally identical to the "ABT541C. 


The 252 series resistors in the outputs reduce ringing and 
eliminate the need for external resistors. 


Features 
m Guaranteed output skew 
m Guaranteed multiple output switching specifications 


Ordering Code: see Section 11 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/11502-1 


Pin Assignment. 
for LCC 
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TL/F/11502-2 


@ Output switching specified for both 50 pF and 250 pF 
loads 

mu Guaranteed simultaneously switching noise level and 
dynamic threshold performance 

m Guaranteed latchup protection 

g High impedance glitch free bus loading during entire 
power up and power down cycle 

@ Nondestructive hot insertion capability 

u Disable’ time less than enable time to avoid bus 
contention 


Output Enable Input (Active Low) 
Inputs 
Outputs 


Truth Table 


| OE; Et BT SAIC 


H 
Z 
Z 
L 


LOW Voltage Level 
High Impedance 


H = HIGH Voltage Level L 
X = Immaterial Z 


Schematic of Each Output 
Vec 


Output 


TL/F/11502-—11 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias 

Ceramic —55°C to + 175°C 

Plastic —55°C to + 150°C 
Vcc Pin Potential to 

Ground Pin —0.5V to +7.0V 
Input Voltage (Note 2) -  —=0.5V to +7.0V 
Input Current (Note 2) —30 mA to +5.0 mA 
Voltage Applied to Any Output 

in the Disabled or 

Power-off State —0.5V to 5.5V 

in the HIGH State —0.5V to Vcc 
Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 


DC Electrical Characteristics 


Typ 


JbLPSe 


DC Latchup Source Current —500 mA 
Over Voltage Latchup (I/O) 10V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 

Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military —55°C to + 125°C 
Commercial —40°C to + 85°C 
Supply Voltage 
Military ; + 4.5V to +5.5V 
Commercial +4.5V to +5.5V 
Minimum Input Edge Rate (AV/At) 
Data Input 50 mV/ns 
Enable Input 20 mV/ns 


ABT2541C 
Symbol Parameter Vcc Conditions 
Min Max 


Vin Input HIGH Voltage 
VIL Input LOW Voltage 


fv [| Recognized HIGH Signal 
Fv || Recognized LOW Signal 


Vepb Input Clamp Diode Voltage P= tcf ve] Min lin = —18mA 

VoH _ | Output HIGH Voltage S4ABT/74ABT| 25 = =| Vv | Min [Io7=—3mA 
s4aBT| 20 | v|Min [lon = —12mA 
vans] 20 |v | Min | tony = -92 ma 





VoL Output LOW Voltage 54ABT 
74ABT 


he Input HIGH Current 
{nput HIGH Current 
Breakdown Test ; 
Input LOW Current 


Input Leakage Test 4.75 


lozH 
lozu 
los = 100 
loex 
izz 
loc 
loo. 


Iocz Power Supply Current 


loct Additional !cc/Input Outputs Enabled 
Outputs TRI-STATE® 
Outputs TRI-STATE 


Dynamic Icc No Load 
(Note 2) 





Note 1: For 8 bit toggling, Iccp < 0.8 mA/MHz. 
Note 2: Guaranteed, but not tested. 


oo 
Le 


I. 
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lo. = 12 mA 
lo. = 15 mA 


VIN = 2.7V 
Vin = Voc 
Vin = 7.0V 
Vin = 0.5V 
Vin = 0.0V 


lip = 1.9 pA 
All Other Pins Grounded 


Vout = 2.7V; OE, = 2.0V 
Vout = 0.5V; OE, = 2.0V 
—275| mA | Max | Vout = 0.0V 
| wA | Max_|Vour = Veo 
| pA | 0.0 | Vour = 5.5V; All Others GND 
pA | Max |All Outputs HIGH 
30 | mA | Max |All Outputs LOW 
Max OEn = Voc: 
All Others at Vcc or GND 


Vi = Voc — 2.1V 

mA Enable Input Vj = Voc — 2.1V 
pA Data Input V; = Voc — 2.1V 
All Others at Voc or GND 


Outputs Open 
OE, = GND (Note 1) 
One Bit Toggling, 50% Duty Cycle 


3/ 
3/5 


mA/ 
MHz 


Oo 





2541C 


DC Electrical Characteristics (Soic package) 


| 
Quiet Output Maximum Dynamic VoL 0.6 0.8 | 5.0 | 
Quiet Output Minimum Dynamic Vor -05 -04 , | 5.0 | 
Minimum High Level Dynamic Output Voltage 2.7 3.1 













Conditions 
C, = 50 pF, R, = 5000 


Ta = 25°C (Note 1) 
‘Ta = 25°C (Note 1)’ 
Ta = 25°C (Note 3) 
Ta = 25°C (Note 2) 
Ta = 25°C (Note 2) 
















Minimum High Level Dynamic Input Voltage 2.0 1.4 | 5.0 | 
Maximum Low Level Dynamic Input Voltage 1.2 0.8 Vv | 5.0 | 


Note 1: Max number of outputs defined as (n). n-1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested. 


Note 2: Max number of data inputs (n) switching. n-1 inputs switching OV to 3V. Input-under-test switching: 3V to threshold (Vi_p), OV to threshold (Vinp). 
Guaranteed, but not tested. : 


Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested. 








AC Electrical Characteristics (soic and ssop package) : See Section 2 















Ta = +25°C Ta = —55°C to + 125°C 


Voc = +5V Veco = 4.5V-5.5V Voc = 4.5V-5.5V 
C._ = 50 pF Ci = 50 pF C. = 50 pF 


Min Typ Max aa S| 
Propagation Delay 10 23 3.6 1.0 3.6 
Data to Outputs 10 33 £441 1.0 41 
Output Enable Time | 1.5 3.7 . 6.0 15 6.0 
“| 415 #43 £65 1.5 6.5 
Output Disable Time | 1.0 3.5 6.0 1.0 6.0 
10 3.7 56 1 5.6 


Extended AC Electrical Characteristics (soic package) : See Section 2 


74ABT 74ABT 74ABT 
— 40°C to + 85°C Ta = —40°C to + 85°C | Ta = —40°Cto +85°C 
Voc = 4.5V-5.5V Vec = 4.5V-5.5V Vec = 4.5V-5.5V 
Parameter C._ = 50 pF C, = 250 pF Cy = 250 pF 
8 Outputs Switching 1 Output Switching 8 Outputs Switching 


Ta = —40°C to +85°C 











Symbol Parameter 





(Note 4) (Note 5) (Note6) . 


Min Typ Max | Min Max _| 


MaxToggleFrequency| 100 ||| | 


Propagation Delay 1.5 5.0 1.5 6.0 2.5 8.5 
Data to Outputs 1.5 5.5 1.5 10.0 2.5 11.0 
6.5 


9.5 


Output Enable Time 1.5 F 
1.5 , 7.0 . 25 11.0 2.5 12.5 
Output Disable Time He . pee (Note 7) (Note 7) oe | 


Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.). : 


Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in - 
the standard AC load. This specification pertains to single output switching only. ; 

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i-e., all low-to-high, high- 
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load. 

Note 7: The TRI-STATE delays are dominated by the RC network (5009, 250 pF) on the output and have been excluded from the datasheet. 
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Skew (SOIC package) 


= —40°C to + 85°C Ta = —40°C to + 85°C 
Vec = 4.5V-5.5V Vec = 4.5V-5.5V 
Parameter C._ = 50 pF C. = 250 pF 
8 Outputs Switching 8 Outputs Switching 
(Note 3) (Note 4) 


Pin to Pin Skew 

HL Transitions 
Pin to Pin Skew 
LH Transitions 

tps Duty Cycle 

(Note 5) LH~HL Skew < 70 

tosT Pin to Pin Skew 

(Note 1) LH/HL Transitions 

tpy Device to Device Skew 

(Note 2) LH/HL Transitions 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tosHi), LOW to HIGH (tosiH), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tos7). The specification is guaranteed but not tested. 

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested. 

Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.¢., all low-to-high, high- 
to-low, etc.) 

Note 4: These specifications guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors 
in the standard AC load. 

Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the 
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested. 


OLPSe 


Capacitance 


Seats 





Input | InputCapacitanco | | Voc=0v | = 0V 
oe Output Capacitance . 
(Note 1) 


Note 1: Cour is measured at frequency f = 1 MHz; per MIL-STD-8838, Method 3012. 


tpLH VS. Temperature (Ta) 
Ci = 50 pF, 1 Output Switching 





85°C 125°C 


1 


TL/F/11502-12 
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2541C 


tpy_ VS Temperature (Ta) 
C, = 50 pF, 1 Output Switching 


Deel 


85°C 125°C 
TL/F/11502-13 


tpH_ VS Load Capacitance 
1 Output Switching, Ta = 25°C 


TL/F/11502-15 


tpH_ Vs Load Capacitance 
8 Outputs Switching, Ta = 25°C 


* TL/F/11502-17 


tp_y vs Load Capacitance 
1 Output Switching, Ta = 25°C 


TL/F/11502—14 


tp_y vs Load Capacitance 
8 Outputs Switching, 
Ta = —40°C to 85°C 


TL/F/11502-16 


tpz_ VS Temperature (Ta) 
C._ = 50 pF, 1 Output Switching 


85°C 125°C 
TL/F/11502-18 


Dashed lines represent design characteristics, for specified guarantees refer to AC Characteristics Table. 





tp_z vs Temperature (Ta) tpz_ vs Temperature (Ta) 
C._ = 50 pF, 1 Output Switching C, = 50 pF, 8 Outputs Switching 


DEVS? 





=55°C -40°C 25°C 85°C 125°C ~55°C ~40°C 25°C 85°C 125°C 


TL/F/11502-19 TL/F/11502-20 
tp_z vs Temperature (Ta) tpzy VS Temperature (Ta) 
CL = 50 pF, 8 Outputs Switching C. = 50 pF, 1 Output Switching 


TYP @ 4.5V 


a 


pr 


-55°C 40°C 25°C 85°C 125°C —_ io 25°C 85°C 125°C 





TL/F/11502-21 TL/F/11502-22 
tpyz vs Temperature (Ta) tpzy vS Temperature (Ta) 
C._ = 50 pF, 1 Output Switching C, = 50 pF, 8 Outputs Switching 


8.00 





“55°C -40°C 25°C 85°C 125°C ~55°C ~40°C 25°C 85°C 125°C 
TL/F/11502-23 . oe , TL/F/11502-24 


Dashed lines represent design characteristics, for specified guarantees refer to AC Characteristics Table. 
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2541C 


tpyz vs Temperature (Ta) tpz_ vs Load Capacitance 
C, = 50 pF, 8 Outputs Switching ~ 8 Outputs Switching, Ta = 25°C 


TYP @ 4.5V 
a 
TYP @ 5.5V 


125°C 
TL/F/11502-25 : TL/F/11502-26 


tpzy vs Load Capacitance tp_y VS Number Outputs Switching 
8 Outputs Switching, Ta = 25°C Veco = 5.0V, Ta = 25°C, CL = 50 pF 


0.00 
1 OUTPUT 4 OUTPUT 8 OUTPUT 
TL/F/11502-27 TL/F/11502-28 


tpy_ Vs Number Outputs Switching Icc vs Frequency, Average, Ta = 25°C 
Voc = 5.0V, Ta = 25°C, Cy = 50 pF All outputs unloaded/unterminated 


1 OUTPUT 4 OUTPUT 8 OUTPUT 


TL/F/11502-29 Frequency (MHz) 


TL/F/11502-30 


Dashed lines represent design characteristics, for specified guarantees refer to AC Characteristics Table. 
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ZA National 


Semiconductor 


54ABT/74ABT2952C 


8-Bit Registered Transceiver 


General Description 


The ’ABT2952C is an 8-bit registered transceiver. Two 8-bit 
back to back registers store data flowing in both directions 
between two bidirectional buses. Separate clock, clock en- 
able and TRI-STATE® output enable signals are provided 
for each register. The output pins are guaranteed to source 
32 mA (24 mA mil.) and to sink 64 mA (48 mA mil). 


Features 

m Separate clock, clock enable and TRI-STATE output 
enable provided for each register 

@ A and B output sink capability of 64 mA source ae 
ity of 32 mA 


Ordering Code: see section 11 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


oon OD OO = &H HB = 


no —- Oo 


TL/F/10969-3 


' A-Register Inputs/B-Register 
TRI-STATE Outputs 
B-Register Inputs/A-Register 
TRI-STATE Outputs 
Output Enable A-Register 
A-Register Clock 
A-Register Clock Enable 
Output Enable B-Register 
B-Register Clock 
B-Register Clock Enable 





J2S62 


m@ Guaranteed output skew 

™ Guaranteed multiple output switching specifications 

m@ Output switching specified for both 50 pF and 250 pF 
loads 

™ Guaranteed simultaneous switching noise level and ay 
namic threshold performance 

m@ Guaranteed latchup protection 

m@ High impedance glitch free bus loading during entire 
power up and power down cycle 

@ Nondestructive hot insertion capability 


Pin Assignment for LCC 
OEB By By NC B, By By 
HOOBHWAS 

ene 8 8 





i/ 
ane ae 
Ay Ay Ap NC As Ay As 


TL/F/10969-4 
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Pin Descriptions (continued) 
Output Control 


HIGH Voltage Level 
LOW Voltage Level 
immaterial 


HIGH Impedance 
LOW-to-HIGH Transition 
No Change 


Block Diagram 
CPA 


CEA 


Register A 


Register B 
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Register Function Table (Applies to A or B Register) 


CPB 


CEB 
TL/F/10969-5 





Absolute Maximum Ratings (note 1) 


if Military/Aerospace specified devices are required, Current Applied to Output 
please contact the National Semiconductor Sales in LOW State (Max) twice the rated Io, (mA) 
Office/Distributors for availability and specifications. DC Latchup Source Current —500 mA 


Storage Temperature —65°C to + 150°C Over Voltage Latchup (I/O) 10V 


Ambient Temperature under Bias —55°C to + 125°C . 
Junction Temperature under Bias Recommended Operating 


Ceramic —55°C to +175°C Conditions 
Plastic ~55°C to + 150°C Free Air Ambient Temperature 
Vcc Pin Potential to Military —55°C to + 125°C 
Ground Pin —0.5V to +7.0V Commercia! 0°C to + 85°C 
Input Voltage (Note 2) —0.5V to +7.0V Supply Voltage 
Input Current (Note 2) —30 mA to +5.0 mA Military + 4,.5V to +5.5V 
Voltage Applied to Any Output Commercial +4.5V to +5.5V 
in the Disable or Power-Off State —0.5V to +5.5V Minimum Input Edge Rate (AV/At) 
in the HIGH State —0.5V to Vcc Data Input 50 mV/ns 
Note 1: Absolute maximum ratings are values beyond which the device may Enable Input 20 mV/ns 
be damaged or have its useful life impaired. Functional operation under Clock Input 100 mV/ns 
these conditions is not implied. : 
Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


ABT2952C 
Symbol! Parameter Vec Conditions 
Min Typ Max 


I2S62 


Input HIGH Voltage } 20 | fF | Recognized HIGH Signal 
. a Recognized LOW Signal 


Input LOW Voltage Vv 


V 
Input Clamp Diode Voltage Pte tov Min | lin = —18 mA (Non !/O Pins) 
V 


Output HIGH Voltage 54ABT/74ABT| 2.5 lon = —3 MA (Ap, Bp) 
54ABT| 2.0 lon = —24 mA (Ap, Bn) 
74ABT} 2.0 lon = —32 mA (Ap, Bn) 

Output LOW Voltage 54ABT Vv lo. = 48 mA (Ap, Bn) 
74ABT lo. = 64 MA (Ap, Bn) 


Input Leakage Test 4.75 Vv lip = 1.9 pA (Non-I/O Pins) 
° All Other Pins Grounded 


Input HIGH Current PS pA | Max | Vin = 2.7V0rVoc_ (Non-I/O Pins) 
IBvI Input HIGH Current Vin = 7.0V (Non-I/O Pins) 
Breakdown Test ge Nase May 
Ipvit Input HIGH Current 100 A Vin = 5.5V (Ap, Bn) 
Breakdown Test (I/O) B 


lin Input LOW Current } 5 | pA | Max | Vin = 0.5V or OV (Non-I/0 Pins) 


li + lozy | Output Leakage Current pA OV-5.5V | Vout =_2.7V (An, Bp); 
OEA or OEB = 2.0V 

lit + loze | Output Leakage Current pA OV-5.5V | Vout =_0.5V (An, Bn); 
OEA or OEB = 2.0V 


los Output Short-Circuit Current — 100 —275 | mA | Max | Vout = OV (An, Bn) 
IcEx Output HIGH Leakage Current ri TA Max | Vout = Vcc (An: Bn) 


Izz Bus Drainage Test ; Vout = 5.5V (Ap, Bn); 


loch __| Power Supply Current | 250 | WA | Max_| All Outputs HIGH 
Ico Power Supply Current 1 80 | mA Max All Outputs LOW 


locz Power Supply Current A Outputs TRI-STATE; 
H All Others GND 
loct Additional Il¢c/input Peis Vi = Voc — 2.1V; All Others 
at Vcc or GND 


Iocp Dynamiclcoc . Outputs Open 
(Note 2) OEA or OEB = GND, 
Non-I/O = GNDor Vcc 
One Bit toggling, 50% duty cycle 


(Note 1) 


mA/MHz 





Note 1: For 8-bit toggling, Io¢gp < 1.4 mA/MHz. 
Note 2: Guaranteed, but not tested. 
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DC Electrical Characteristics (soic package) 
Conditions 


T= 25°0 (Noto) 


Note 1: Max number of outputs defined as (n).n — 1 data inputs are driven OV to 3V. One output at Low. Guaranteed, but not tested. 


Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. input-under-test switching: 3V to theshold (Vi_p), OV to threshold (VjHp). 
Guaranteed, but not tested. 


Note 3: Max number of outputs defined as (n).n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested. 


AC Electrical Characteristics: see Section 2 for Waveforms (SOIC and SSOP Package) 


Ta = +25°C A= —55°Cto + 125°C Ta = —40°C to + 85°C 
Parameter Vec = +5.0V Vec = 4.5V to 5.5V Voc = 4.5V to 5.5V 


an - C_ = 50pF CL = 50 pF 
Max Clock 
Frequency 


Propagation Delay 
CPA or CPB to 

An or Bh 

Output Enable Time 
OEA or OEB to 

An or Bh 

Output Disable Time 
OEA or OEB to 

An or Br 


Ta = +25°C Ta = —55°Cto +125°C | Ta = —40°C to +85°C 
Vee = +5.0V Voc = 4.5V to 5.5V Vec = 4.5V to 5.5V 


Setup Time, HIGH 
or LOW Ay or Bn 
to CPA or CPB 


Hold Time, HIGH 
or LOW A, or Bry 


Setup Time, HIGH 
or LOW CEA or CEB 
to CPA or CPB 


Hold Time, HIGH 
or LOW CEA or CEB 
to CPA or CPB 


Pulse Width, 
HIGH or LOW 
CPA or CPB 





Extended AC Electrical Characteristics: see Section 2 (SOIC package) 


I2562 


74ABTC 74ABTC 74ABTC 


Ta = —40°C to + 85°C Ta = —40°C to + 85°C 
Vec = 4.5V to 5.5V Vcc = 4.5V to 5.5V 
Parameter C. = 50 pF 2 C, = 250 pF 
8 Outputs Switching a a 8 Outputs Switching 
(Note 4) (Note 6) 


Ta = —40°C to + 85°C 
Vec = 4.5V to 5.5V 


Progagation Delay 1.5 . 2.0 
CPA or CPB to A, or By 1.5 : 2.0 


Output Enable Time 1.5 a : 
OEA or OEB to A, or Bh 


1.5 
Output Disable Time 1.5 
OEA or OEB to A, or Bh 1.5 (Note 7) (Note 7) F ne 


Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH, 
HIGH-to-LOW, etc.). 


Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in pice of the 50 pF load capacitors in 
the standard AC load. This specificaiton pertains to single output switching only. 


Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH, 
HIGH-to-LOW, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load. 


Note 7: The TRI-STATE delays are dominated by the RC network (5002, 250 pF) on the output and has been excluded from the datasheet. 


Skew (SOIC package) 


toSHL 
(Note 1) 


tps 
(Note 5) 


tosT 
(Note 1) 


Ta = —40°C to + 85°C Ta = —40°C to + 85°C 
Vcc = 4.5V-5.5V Vec = 4.5V-5.5V 
Parameter Cz. = 50 pF C, = 250 pF 
8 Outputs Switching 8 Outputs Switching 
(Note 3) = eee 4) 


Pin to Pin Skew 

HL Transitions 

Pin to Pin Skew 1.0 
LH Transitions , 
Duty Cycle 20 
LH-HL Skew 


Pin to Pin Skew 
LH/HL Transitions 


ee ee ee 


LH/HL Transitions 





Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tosHL), LOW to HIGH (togrH), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tost). This specification is guaranteed but not tested. 

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Voc) from device to device. This specification is guaranteed but not tested. 
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH, 
HIGH-to-LOW, etc.). 

Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. 


Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the 
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested. 
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Capacitance 


Conditions 


ae ee Ta = 25°C 


Input | Input Capacitance | 


Civo (Note 1) Output Capacitance 


tpLy VS Temperature (Ta) 
C._ = 50 pF, 1 Output Switching 


a ae 
| _ peasy | 


esi sae 





-55°C -40°C 25°C 85°C 125°C 
TL/F/10969-14 


tpLH Vs Load Capacitance 
1 Output Switching, Ta = 


100pF 150pF 200pF 250pF 
: TL/F/10969-16 


tp_y VS Load Capacitance 
8 Outputs Switching, Ta = 25°C 


100pF 150pF  200pF  250pF 


TL/F/10969~18 


eee 


Note 1: Cj/o is measured at frequency f = 1 MHz, per MIL-STD-883B, Method 3012. 


Voc = OV (Non I/O Pins) 


tpHL VS Temperature (Ta) 
C. = 50 pF, 1 Output Switching 


a 
| | |e ay 


Typ @ 5.5V 


85°C 125°C 
TL/F/10969-15 


tpH_ VS Load Capacitance 
1 Output Switching, Ta = 25°C 


50 pF 100pF 150pF  200pF 250pF 
, TL/F/10969-17 


tpy_ VS Load Capacitance 
8 Outputs Switching, Ta = 25°C 


100pF 1S50pF 200pF § 250pF 
TL/F/10969-19 


Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables. 





tpz_ vs Temperature (Ta) 
C._ = 50 pF, 1 Output Switching 


85°C 125°C 
TL/F/10969-20 


tpzy Vs Temperature (Ta) 
C_ = 50 pF, 1 Output Switching 


85°C 125°C 
TL/F/10969-22 


tpzH vs Temperature (Ta) 
C, = 50 pF, 8 Outputs Switching 





85°C 
TL/F/10969-24 


tp_z vs Temperature (Ta) 
C, = 50 pF, 1 Output Switching 


J2S62 


-55°C ~40°C 25°C 85°C 125°C 
TL/F/10969-21 


tpyz Vs Temperature (Ta) 
C, = 50 pF, 1 Output Switching 


85°C 125°C 
TL/F/10969~23 


tpyz VS Temperature (Ta) 
C. = 50 pF, 8 Outputs Switching 


Typ @ 4.5V 
Typ @ 5.5V 


-40°C 25°C 85°C 





TL/F/10969~25 


Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables. 
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tpz_ vs Temperature (Ta) tp_z vs Temperature (Ta) 
C. = 50 pF, 8 Outputs Switching — C, = 50 pF, 8 Outputs Switching 


29520 


ee 
Typ @ 5.5V 


85°C 
TL/F/10969~26 TL/F/10969-27 


tpz_ vs Load Capacitance | tpzy vs Load Capacitance. 
8 Outputs Switching, Ta = 25°C. , 8 Outputs Switching, Ta = 25°C 


50 pF 100 pF 150 pF 200 pF 250 pF 50 pF 100 pF 150 pF 200 pF 250 pF 
TL/F/10969-28 TL/F/10969-29 


tp_LyH VS Number Output Switching 
Voc = 5.0V, Ta = 25°C, C, = 50 pF 


1 OUTPUT 4 OUTPUT 8 OUTPUT 
; TL/F/10969-30 


Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables. 
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54ABT/74ABT16244C 16-Bit Buffer/ 
Line Driver with TRI-STATE® Outputs 


General Description 


The ’ABT16244C contains sixteen non-inverting buffers with 
TRI-STATE outputs designed to be employed as a memory 
and address driver, clock driver, or bus oriented transmitter/ 
receiver. The device is nibble controlled. Individual TRI- 
STATE control inputs can be shorted together for 8-bit or 
16-bit operation. 


Features 

@ Separate control logic for each nibble 

m 16-bit version of the ’ABT244C 

m@ Outputs sink capability of 64 mA, source capability of 
32 mA 


Ordering Code: see Section 11 
Logic Symbol 


i ee a 


My O 02 O3 O% 05 OG 07 Og Oy Op 4 %2 %3 4 YS 


TL/F/10985-1 


Pin Description 


| PinNames Description 


Output Enable Inputs (Active Low) 


Inputs 
Outputs 





m Guaranteed output skew 

m@ Guaranteed multiple output switching specifications 

m™ Output switching specified for both 50 pF and 250 pF 
loads 

m™ Guaranteed simultaneous switching noise level and 
dynamic threshold performance 

® Guaranteed latchup protection 

m High impedance glitch free bus loading during entire 
power up and power down cycle 

m= Non-destructive hot insertion capability 


Connection Diagram 


SSOP 


oon om On er WwW PE 


TL/F/10985-2 
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16244C 


Functional Description 

The 'ABT16244C contains sixteen non-inverting buffers with 
TRI-STATE outputs. The device is nibble (4 bits) controlled 
with each nibble functioning identically, but independent of 
the other. The control pins can be shorted together to ob- 
tain full 16-bit operation. 


Truth Tables 


High Voltage Level 
Low Voltage Level 
Immaterial 

High Impedance 


Logic Diagram 
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12-15 


TL/F/10985-3 





Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, DC Latchup Source Current —500 mA 
please contact the National Semiconductor Sales Over Voltage Latchup (I/O) 10V 
Office/Distributors for availability and specifications. Note 1: Absolute maximum ratings are values beyond which the device may 
Storage Temperature —65°C to + 150°C be damaged or have its useful life impaired. Functional operation under 


: ‘ these conditions is not implied. 
Ambient Temperature under Bias —55°C to + 125°C ; ; . an 7 . 

; ; Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
Junction Temperature under Bias 


Ceramic _ 55°C to +175°C Recommended Operating 


Plastic —55°C to + 150°C Conditions 


Vcc Pin Potential to : f 
Ground Pin —0.5V to +7.0V Fi ie eel Tembersnns Piya aone 


Input Voltage (Note 2) —0.5V to +7.0V Commercial —40°C to +85°C 
Input Current (Note 2) —30 mAto +5.0mA Supply Voltage 
Voltage Applied to Any Output . Military +4.5V to + 5.5V 
in the Disabled or Commercial . (+4,5V to +5.5V 
Power-off State —0.5V to 5.5V Minimum Input Edge Rate (AV/At) 
in the HIGH State —0.5V to Vcc Data Input ‘50 mV/ns 
Current Applied to Output Enable Input 20 mV/ns 
in LOW State (Max) twice the rated Io, (mA) 


Urrcol 


DC Electrical Characteristics 


Conditions 


Symbol Parameter 
Vin 
Vi__[imputLowVottage SSCiTSCCC*C*C*‘“‘*‘é* 
Vco Input Clamp Diode Voltage 


Output HIGH Voltage 54ABT/74ABT | 2.5 
54ABT| 2.0 
74ABT| 2.0 


Output LOW Voltage 54ABT 

74ABT 
Input HIGH Current 7 
Breakdown Test 


lozH_ _|OutputLeakage Current | 8 
loz, | OutputLeakage Current | 8 
los Output Short-Circuit Current 
is 

i Vout = 5.5V 


lzz Bus Drainage Test : 
. All Other Pins GND 


10 
IocH Power Supply Current pA | Max | All Outputs HIGH 
10! 


Recognized HIGH Signal! 
Recognized LOW Signal 
lin = —18mA 


lon = —3mA 
log = —12mA 
lon = —32mA 


lo. = 48 mA 
lo. = 64mA 
Vin = 2.7V 
Vin = Voc 


pA 
pA Vin = 7.0V 

Vin = 0.5V 
pe Vin = 0.0V 


lip = 1.9 pA 
All Other Pins Grounded 


0 — 5.5V | Vout = 2.7V; OEn = 2.0V 
0 — 5.5V| Vout = 0.5V; OE, = 2.0V 
Vout = 0.0V 
Vout = Vcc 


et lSlele 

Ss BBB] <|5 155 | <|e<<|<[<[<| £ 
i?) 
oO 


= 
Oo 
= 
3s 
c 
a 
ie) 
= 


loci Power Supply Current mA 


locz Power Supply Current 
loot Additional lcc/Input . Outputs Enabled Vi = Veco — 2.1V 
Outputs TRI-STATE Enable Input V; = Vcc — 2.1V 
Outputs TRI-STATE Data Input V; = Voc — 2.1V 
All Others at Vcc or GND 
Iocp Dynamic icc No Load mA/ Outputs Open, OE, = GND 
MHz One Bit Toggling, 


(Note 1) 
50% Duty Cycle 


OEn = Voc 


ie eae. All Others at V¢c or GND 


= 





Note 1: Guaranteed but not tested. 
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16244C 


DC Electrical Characteristics (continued) 


CL = 50 pF 
| | Ry = 5000 
V 


Vcc 
| 5:0 | Ta = 25°C (Note 1) 
| Quiet Output Minimum DynamicVo. | -13 -10 ~~ |v | 8.0 _| Ta= 25°C (Note 1) 
| 8:0 | Ta = 25°C (Note 3) 
| Minimum High Level Dynamic Input Voltage | 20 14 | V_| 80 | Ta=25°C(Note2) 
| Maximum Low Level Dynamic inputVoltage | —=s—t.2 08 | Vv | 50 | Ta= 25°C (Noted) 


Note 1: Max number of outputs defined as (n). n-1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested. 


Note 2: Max number of data inputs (n) switching. n-1 inputs switching OV to 3V. Input-under-test switching: 3V to threshold (Vi_p), OV to threshold (Vip). 
Guaranteed, but not tested. ; 


Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested. 


AC Electrical Characteristics: see section 2 for Waveforms 


Ta= +25°C Ta=—55°C to + 125°C Ta= —40°C to + 85°C 
Vec=+5V Voc = 4.5V-5.5V Veco = 4.5V-5.5V 
C, = 50 pF 


Propagation 2.3 
Delay Data aA 
to Outputs LO ae 


Output Enable 1.5 3.5 6.3 
Time 15 3.5 6.3 
Output Disable | 1.0 4.2 6.7 
Time 1.0 


— 40°C to + 85°C Ta = —40°C to +85°C} Ta = —40°Cto +85°C 
a Vec = 4.5V-5.5V Voc = 4.5V-5.5V Vec = 4.5V-5.5V 
Parameter ~ Cy, ='50 pF C_ = 250 pF C. = 250 pF 
’ |- 16 Outputs Switching 1 Output Switching 16 Outputs Switching 
(Note 4) (Note 5) (Note 6) 


1.5 
1.5 


6.5 2.5 7.8 
2.5 7.8 


(Note 7) 


6.5 
6.7 
6.7 


Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, 
high-to-low, etc.). - 


Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. This specification pertains to single output switching only. 

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all low-to-high, 
high-to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load. rare tee 


Note 7: The TRI-STATE delay times are dominated by the RC network (5000, 250 pF) on the output and have been excluded from the datasheet. 
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= —40°C to + 85°C A= —40°Cto +85°C 
Vec = 4.5V-5.5V Vec = 4.5V-5.5V 
Parameter C. = 50 pF CL = 250 pF 
16 Outputs Switching 16 Outputs Switching 
gee 3) ae 4) 


Pin to Pin Skew 

HL Transitions 
toSLH Pin to Pin Skew 1.0 15 
(Note 1) LH Transitions i : 
tps Duty Cycle 15 
(Note 5) LH-HL Skew ; 

Pin to Pin Skew 17 

LH/HL Transitions : 
tpy Device to Device Skew 20 25 
(Note 2) LH/HL Transitions . ; 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tosy.), LOW to HIGH (tos_H), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tost). The specification is guaranteed but not tested. 

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested. 
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, 
high-to-low, etc.) 

Note 4: These specifications guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors 
in the standard AC load. 


Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the 
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested. 


Parameter Conditions 
Ta = 25°C 


Capacitance 


| inputCapacitance| | Capacitance - 


Cour (Note 1) Output Capacitance ae ee 


Note 1: Cour is measured at frequency f = 1 MHz; per MIL STD-883B, Method 3012. 
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tpLH VS Temperature (Ta) 
CL = 50pF, 1 Output Switching 


85°C 125°C 
TL/F/10985-12 


tp_H Vs Load Capacitance 
1 Output Switching, Ta = 25°C 


Max 
ene a 

Typ 0 4-5N 
— one 


Typ @ 5.5V 


50 pF 100 pF 150 pF 200 pF 250 pF 
TL/F/10985-14 


tp_H VS Load Capacitance 


16 Outputs Switching, Ta = 25°C 


50 pF 100pF  150pF  200pF = 250pF 
TL/F/10985-16 


pie vs Temperature (Ta) 
= 50 pF, 1 Output Switching 


ee 


Typ @ 5.5V 


85°C 125°C 
TL/F/10985-13 


tpy_ VS Load Capacitance 
- 1 Output Switching, Ta = 25°C 


100pF  150pF  200pF 250 pF 
TL/F/10985-15 


tpp_ vs Load Capacitance 
16 Outputs Switching, Ta = 25°C 


50 pF 100pF  150pF  200pF  250pF 
TL/F/10985-17 


Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables. 
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tpz_ vs Temperature (Ta) tp_z vs Temperature (Ta) 
Cz. = 50 pF, 1 Output Switching C, = 50 pF, 1 Output Switching 


0) 4 74!) 5 


-55°C -40°C 25°C 85°C 125°C 
TL/F/10985-19 
85°C 125°C 
TL/F/10985-18 


tpzH Vs Temperature (Ta) tpyz Vs Temperature (Ta) 
Cy, = 50 pF, 1 Output Switching C. = 50 pF, 1 Output Switching 





85°C —- 125°C : B5°C 125°C 


TL/F/10985-20 TL/F/10985-21 


tpzy VS Temperature (Ta) tpyz Vs Temperature (Ta) 
C._ = 50 pF, 16 Outputs Switching C. = 50 pF, 16 Outputs Switching 


Typ @ 4.5V_ 


Typ @ 4.5V 


a ES Om 


Typ @ 5.5V ; 


85°C 
TL/F/10985-22 TL/F/10985-23 





Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables. 





5-117 





16244C 


tpz_ vs Temperature (Ta) 
C._ = 50 pF, 16 Outputs Switching 


Typ @ 4.5V 


ape say 
Typ @ 5.5V 


~40°C 25°C 85°C 
TL/F/10985-24 


tpzi vs Load Capacitance 
16 Outputs Switching, Ta = 25°C 


tp_z vs Temperature (Ta) 
C,. = 50 pF, 16 Outputs Switching 


85°C 
TL/F/10985-25 


tpzy vs Load Capacitance 
16 Outputs Switching, Ta = 25°C 


— — - ] 
“Typ @ 5.5V 


50 pF 100 pF 150 pF 200pF © 250 pF 50 pF 100 pF 150 pF 200 pF 250 pF 
= TL/F/10985-26 . TL/F/10985-27 


tp_y and tpy._ vs Number Output Switching 
Voc = 5.0V, Ta = 25°C, C_ = 50 pF 


1 Output 8 Output 16 Output 
TL/F/10985-28 


lcc vs Frequency Average, 
Ta = 25°C, Vcc = 5.5V 
160 


140 
120 
100 
Iec (mA) 80 
60 
40 
20 


60 70 


Frequency (MHz) TL/F/10985-29 


Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables. 
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54ABT/74ABT16245C 


16-Bit Transceiver with TRI-STATE® Outputs 


General Description 


The 'ABT16245C contains sixteen non-inverting bidirection- 
al buffers with TRI-STATE outputs and is intended for bus 
oriented applications. The device is byte controlled. Each 
byte has separate control inputs which can be shorted to- 
gether for full 16-bit operation. The T/R inputs determine 
the direction of data flow through the device. The OE inputs 
disable both the A and B ports by placing them in a high 
impedance state. : 


Features 

m Bidirectional non-inverting buffers 

m@ Separate control logic for each byte 
m 16-bit version of the 'ABT245C 


Ordering Code: see Section 11 


Logic Symbol 


Ay Ay Ag As Ag Ag Ag Az Ag Ag Aig Avy Ata Ars Avg Ais 
T/Ry 
Bo B, By By 8, By Bg By Bg By Big By, Biz Bis By Bs 


TL/F/10986-1 


Pin Description 


| PinNames | Description 


Output Enable Input (Active Low) 
Transmit/Receive Input 

Side A Inputs/Outputs 

Side B Inputs/Outputs 


m A and B output sink capability of 64 mA, source capa- 
bility of 32 mA 

m@ Guaranteed output skew 

m= Guaranteed multiple output switching specifications 

m= Output switching specified for both 50 pF and 250 pF 
loads 

m Guaranteed simultaneous switching noise level and 
dynamic threshold performance 

m= Guaranteed latchup protection 

g High impedance glitch free bus loading during entire 
power up and power down cycle 

m Non-destructive hot insertion capability 


Connection Diagram 


oo ns Oo Om WwW HS 


TL/F/10986-2 
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Functional Description 


The 'ABT16245C contains sixteen non-inverting bidirection- 
al buffers with TRI-STATE outputs. The device is byte con- 
trolled with each byte functioning identically, but indepen- 
dent of the other. The control pins can be shorted together 
to obtain full 16-bit operation. 


Logic Diagrams 


T/R, 


| 
: Ao-7 


1 
I 
I 
I 
I 
I 
I 
I 
I 


| 
| 
| 
I 
I10F 8 
& 


TL/F/10986-3 
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Truth Tables 


H = High Voltage Level 
L = Low Voltage Level 
X = Immaterial 

Z = High Impedance 


1 10F 8 
I 





Bus Bg-B7 Data to Bus Ag—A7 
Bus Agp-A7 Data to Bus Bo—B7 
HIGH-Z State on Ajp-A7, Bp-B7 


Bus Bg-By5 Data to Bus Ag—A15 
Bus Ag-Aj5 Data to Bus Bg-By5 
’ HIGH-Z State on Ag—Aj5, Bg-Byi5 


ee se ee 


TL/F/10986-4 





Absolute Maximum Ratings (Note 1) 


If Military/Aerospace specified devices are required, DC Latchup Source Current —500 mA 
please contact the National Semiconductor Sales Over Voltage Latchup (I/O) 10V 
Office/Distributors for availability and specifications. Note 1: Absolute maximum ratings are values beyond which the device may 


_ ARO 3 be damaged or have its useful life impaired. Functional operation under 
Storage Temperature 65°C to + 150°C these conditions is not implied. 
H 1 ° o 
Ambient Temperature under Bias —55°C to + 125°C Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
7 


Junction Temperature under Bias 


Ceramic —55°C to +175°C Recommended Operating 


Plastic —55°C to + 150°C Conditions 
Vcc Pin Potential t 
und Pin seas —0.5V to +7.0V Free Air Ambient Temperature 


Input Voltage (Note 2) — =0.5V to +7.0V Lael Aa eens ace 

Input Current (Note 2) —30 mA to +5.0mA Supply Voltage 

Voltage Applied to Any Output Military +4,5V to +5.5V 
in the Disabled or Commercial +4,5V to +5.5V 


Power-off State —0.5V to 5.5V wa 
in the HIGH State -0.5V to Voc gl ia ta ac Seidel 


Current Applied to Output Enable Input 20 mV/ns 
in LOW State (Max) twice the rated Io, (mA) 


DC Electrical Characteristics 


OSP291 


ABT16245C 
Min Typ Max 


VIH Input HIGH Voltage A 
Vit Input LOW Voltage 
Vep Input Clamp Diode Voltage 


Vou Output HIGH Voltage 54ABT/74ABT 
54ABT 
74ABT 


VoL Output LOW Voltage 54ABT 
74ABT 

liq Input HIGH Current 

IBvi Input HIGH Current 
Breakdown Test 

lavit Input HIGH Current 
Breakdown Test (I/O) 

Ie Input LOW Current 

Vip Input Leakage Test 4.75 


lit + lozH 
he + loz 
= 


Izz Bus Drainage Test 


ICCH Power Supply Current | Max | All Outputs HIGH 
ICcL Power Supply Current | mA | Max | All Outputs LOW 


locz Power Supply Current 400 A OEn = Voc, T/Rn = GND or Voc 
f All others at Voc or GND 


loct Additional Icc/Input Outputs Enabled 2.5 | mA Vi = Veco — 2.1V : 
Outputs TRI-STATE 2.5 | mA OEp, T/Rp Vi = Voc — 2.1V 
pA 


Symbol Parameter CC Conditions 


|__| Recognized HIGH Signal 
|__| Recognized LOW Signal 
| Min [ly = —18mA Ep, T/Rn) 


= —3 mA (Ap, Br) 
= —12 mA (Aj, Bp) 
—32 mA (Ap, Bp) 
lo, = 48 mA (Ap, Bn) 
loL = 64 mA (An, Bn) 
Vin = 2.7V (OE, T/Rn) 
Vin = Voc (OEn, T/Rn) 


le 


2.4 


0 |o 
= |= 





oy 
= 


Vin = 7.0V (OEp, T/Rp) 


i) 
[o) 
~“ 


Vin = 5.5V (An, Bn) 

Vin = 0.5V (E,, T/Rn) 

Vin = 0.0V (OEn, T/Rn) 

lip = 1.9 pA (OEp, T/Rp) 

All Other Pins Grounded 

Vout = 2.7V (An, Bn); OE = 2.0V 
yA Vout = 0.5V (An, Bn); OE = 2.0V 
| Max [Vout = 0.0V (An, Bn) 

| Max | Vout = Voc (An, Bn) 


Vout = 5.50V (An, Bn): 
All Others GND 


oO 
El] Ee EZ 
P| > | Pri> 


Outputs TRI-STATE Data Input V; = Voc — 2.1V 
All others at Vcc or GND 


50 
Dynamic Ioc No Load mA? Outputs Open _ 
MHz OE, = GND, T/R, = GNDor Vcc 
One Bit Toggling, 50% Duty Cycle 


Note 1: Guaranteed, but not tested. 
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DC Electrical Characteristics 


Conditions 
CL = 50 pF; R, = 5000 


Voip Quiet Output Maximum Dynamic Vo, Ta = 25°C (Note 2) 
Votv -{ Quiet Output Minimum Dynamic Vo, Ta = 25°C (Note 2) 
VoHV Minimum High Level Dynamic Output Voltage Ta = 25°C (Note 4) 


Symbol Parameter Min Typ 


14° #- 
VinD Minimum High Level Dynamic Input Voltage 2.0 1.4 Ta = 25°C (Note 3) 
ViLD Maximum Low Level Dynamic Input Voltage Y Ta = 25°C (Note 3) 


Note 2: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested. 


Note 3: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to threshold (Vj_p), OV to threshold (Vip). 
Guaranteed, but not tested. 


Note 4: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested. 


AC Electrical Characteristics: see Section 2 for Waveforms 


74ABT 
- Ta = +25°C 
—55°C to + 125°C —40°C to +85°C 
Parameter =+ 
val 5 vd Voc = 4.5V-5.5V Voc = 4.5V-5.5V 
ee glee C_ = 50 pF C, = 50 pF 
Min Typ Max | Min = Max | Min, = Max 
3.9 


Propagation 1.0 2.4 1.0 3.9 
DelayData | 1.0 2.8 3.9 
to Outputs i ais 


Output Enable 1.5 3.6 6.3 1.5 6.3 
Time 1.5 3.7 6.3 1.5 6.3 
0 


Output Disable | 1. 4.6 6.9 1.0 6.9 
Time 10 37 6.9 1.0 6.9 


Extended AC Electrical Characteristics: see Section 2 for Waveforms 


74ABT 74ABT 74ABT 
. Ta = Ta= Ta = | 
—40°C to + 85°C ' —40°C to +85°C — 40°C to + 85°C 
Parameter Voc = 4.5V-5.5V Vec = 4.5V-5.5V Vec = 4.5V-5.5V 
C, = 50pF CL = 250 pF Cy = 250 pF 
16 Outputs Switching 1 Output Switching 16 Outputs Switching 
. + (Note 4) ; (Note 5) (Note 6) 
Min Typ Max | Min Max | Min Max 


MaxToggleFrequency| 100 | | Me | 


Propagation Delay 1.5 5.0 1.5 6.0 2.5 8.0 
Data to Outputs 1.5 5.3 1.5 6.0. . 2.5 8.0 
1.5 


Output Enable Time 6.5 2.5 8.2 2.5 10.0 


2.5 9.0 


1.5 6.5 2.5 8.2 
Output Disable ; 1.0 6.9 


Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.). : 
Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. This specification pertains to single output switching only. 
Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load. . 

- Note 7: TRI-STATE delay are dominated by the RC network (5002, 250 pF) on the output and have been excluded from the datasheet. 
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toSHL 
(Note 1) 


tosLH 
(Note 1) 


tps 
(Note 5) 


tost 
(Note 1) 


tpy 
(Note 2) 


Ta = —40°C to + 85°C Ta = —40°C to + 85°C 
Vec = 4.5V-5.5V Voc = 4.5V-5.5V 
Parameter C. = 50 pF CL = 250 pF 
16 Outputs Switching 16 Outputs Switching 
(Note 3) i a 4). 


Pin to Pin Skew 
HL Transitions 


Pin to Pin Skew 
LH Transitions 


Duty Cycle . 
LH-—HL Skew 

Pin to Pin Skew 

Device to Device Skew 20 

LH/HL Transitions : 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tgsy,), LOW to HIGH (tostH), or any combination switching LOW-to-HIGH and/or HIGH-to-LOW 
({tost). The specification is guaranteed but not tested. 

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested. 
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH, 
HIGH-to-LOW, etc.) 

Note 4: These specifications guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors 
in the standard AC load. : 

Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the 
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested. 


Capacitance 


| Parameter | Typ_ | _—sunits.—|_—Conditions, Ta = 25°C 
Input Capacitance ee ee Voc = 0.0V (GEp, T/R,) 


Cio (Note 1) OutputCapacitance | 11 =| pF Vg = 8.0V (Ans Br) 


Note 1: Cj/o is measured at frequency f = 1 MHz, per MiL-STD-883B, Method 3012. 


tp_y VS Temperature (Ta) tpH_ VS Temperature (Ta) 
C._ = 50 pF, 1 Output Switching C, = 50 pF, 1 Output Switching 


ee 
Scaenra 


“55°C == 409C 25°C 85°C 125°C -55°C = =40°C 25°C 85°C 125°C 
TL/F/10986-13 , TL/F/10986-14 


Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Table. 
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16245C 


tpLy vs Load Capacitance 
1 Output Switching, Ta = 25°C 


100pF 150pF  200pF § 250pF 
TL/F/10986-~15 


tp_y vs Load Capacitance 
16 Outputs Switching, Ta = 25°C 


50pF  100pF 150pF  200pF 250pFo 
TL/F/10986-17 


tpz_ vs Temperature (Ta) 
C,_ = 50 pF, 1 Output Switching 


85°C 125°C 
TL/F/10986-19 


tpHL VS Load Capacitance 
1 Output Switching, Ta = 25°C — 


S0pF  100pF —-'150 oF 200pF «250 pF 
TL/F/10986-16 


tpH_ VS Load Capacitance 
16 Outputs Switching, Ta = 25°C 


50pF 100 pF 150pF  200pF 250 pF 
TL/F/10986-18 


tp_z vs Temperature (Ta) 
C. = 50 pF, 1 Output Switching 


85°C 125°C 
TL/F/10986-20 


Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Table. 
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tpzH VS Temperature (Ta) 
C._ = 50 pF, 1 Output Switching 


85°C 125°C 
TL/F/10986-21 


-55°C -40°C 25°C 


tpzH VS Temperature (Ta) 
C. = 50 pF, 16 Outputs Switching 


TL/F/10986-23 


tpz_ vs Temperature (Ta) 
C,, = 50 pF, 16 Outputs Switching 


TL/F/10986-25 


tpHz vs Temperature (Ta) 
C, = 50 pF, 1 Output Switching 


OSP291 


125°C 
TL/F/10986-22 


-55°C -40°C 25°C 85°C 


tpyz VS Temperature (Ta) 
C. = 50 pF, 16 Outputs Switching 


eas] | 
wes 


TL/F/10986-24 


tp_z vs Temperature (Ta) 
ee = 50 pF, 16 os Switching 


Typ @ 5.5V {| 


85°C 
TL/F/10986-26 


Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Table. 
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tpz_ vs Load Capacitance 
16 Outputs Switching Ta = 25°C 


50pF 100pF 150pF 200pF  250pF 
TL/F/10986-27 


tp_y vs Number Output Switching 


tpzy vs Load Capacitance 
16 Outputs Switching Ta = 25°C 


50 pF 100 pF 150pF 200pF 250pF 
TL/F/10986-28 


tpy_ VS Number Output Switching 


Vec = 5.0V, Ta = 25°C, C_ = 50 pF Vec = 5.0V, Ta = 25°C, C, = 50 pF 


16 Outputs 


— 1 Output _ 8 Outputs 16 Outputs 1 Output 8 Outputs 
, TL/F/10986-30 


TL/F/10986-29 


Icc vs Frequency 
Average, Ta = 25°C, Vcc = 5.5V 
_. All Outputs Unloaded/Unterminated; 
16 Outputs Switching In-Phase at 50% Duty Cycle 


10 20 30 40 50 60 70 80 90 100 


Frequency (MHz) 
TL/F/10986-31 


Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Table. 
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ZANational 


Semiconductor 


54ABT/74ABT 16500C 


PRELIMINARY 


18-Bit Universal Bus Transceivers 


with TRI-STATE® Outputs 


General Description 


These 18-bit universal bus transceivers combine D-type 
latches and D-type flip-flops to allow data flow in transpar- 
ent, latched, and clocked modes. 


Data flow in each direction is controlled by output-enable 
(OEAB and OEBA), latch-enable (LEAB and LEBA), and 
clock (CLKAB and (CLKBA inputs. For A-to-B data flow, the 
device operates in the transparent mode when LEAB is 
high. When LEAB is low, the A data is latched if CLKAB is 
held at a high or low logic level. If LEAB is low, the A bus 
data is stored in the latch/flip-flop on the high-to-low tran- 
sition of CLKAB. Output-enable OEAB is active-high. When 


OEAB is high, the outputs are active. When OEAB is low, | 


the outputs are in the high-impedance state. 


Data flow for B to A is similar to that of A to B but uses 
OEBA, LEBA, and CLKBA. The output enables are comple- 
mentary (OEAB is active high and OEBA is active low). - 
To ensure the high-impedance state during power up or 
power down, OE should be tied to GND through a pulldown 
resistor; the minimum value of the resistor is determined by 
the current-sourcing capability of the driver. 


Ordering Code: see Section 11 


Connection Diagram 


orn nununnewn 


TL/F/11581-1 


Features 

@ Combines D-Type latches and D-Type flip-flops for 
operation in transparent, latched, or clocked mode 
Flow-through architecture optimizes PCB layout 
Guaranteed latch-up 
Guaranteed output skew 
Guaranteed multiple output switching specifications 
Output switching specified for both 50 pF and 250 pF 
loads 
Guaranteed simultaneous switching noise level and 
dynamic threshold performance 
High impedance glitch free bus loading during entire 
power up and power down cycle 
Non-destructive hot insertion capability 


Function Tablet 
| inputs | sutput 
CLKAB 
x zZ 

L 

H 

L 

H 


Bot 
Bos . 





t+ A-to-B data flow is shown: B-to-A flow is similar but uses OEBA, LEBA, 
and CLKBA. : 

+ Output level before the indicated steady-state input conditions were estab- 
lished. 

§ Output level before the indicated steady-state input conditions were estab- 
lished, provided that CLKAB was low before LEAB went low. 





5-127 


J00S91 





- 16500C 


Logic Diagram 
OEAB 
CLKBA 
LEBA 
OEBA 


CLKAB 


LEAB 


To 17 Other Channels 
TL/F/11581-2 
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Absolute Maximum Ratings (note 1) 


tf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias 


Ceramic —55°C to + 175°C 

Plastic —55°C to + 150°C 
Vcc Pin Potential to 

Ground Pin —0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30 mA to +5.0mA 


Voltage Applied to Any Output 
in the Disabled or 
Power-off State 
in the HIGH State 


' Current Applied to Output 
in LOW State (Max) 


—0.5V to 5.5V 
—0.5V to Voc 


twice the rated Io, (mA) 


DC Electrical Characteristics 


Output Clamp Current —50mA 
Max. Power Dissipation @ Ta = 55°C (in still air) 1W 
DC Latchup Source Current —500 mA 
Over Voltage Latchup (I/O) 10V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 

Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 


Conditions 
Free Air Ambient Temperature 
Military — 55°C to + 125°C 
Commercial — 40°C to + 85°C 
Supply Voltage 
Military +4.5V to +5.5V 
Commercial + 4.5V to + 5.5V 
Minimum Input Edge Rate (AV/At) 
Data Input ; 50 mV/ns 
Enable Input 20 mV/ns 


ABT16500C 





Symbol Parameter ee Conditions 
Vin _[lnputHiGHVotage ———~i| 20 —SS=| |__| Recognized HIGH Signal 
Vi,__[mputLOwVottage ‘| ___ 08 | _v | | Recognized LOW Signal 
Voo | Input lamp Diode Vollago ‘| _———-+2| V | Min [ly = —18mA 
Von | OutputHIGH Voltage 54ABT/74ABT| 25 = = = = =| V {| Min | loy = —3mA;Voc = 4.5V 
saast| 20 ——*(| | Min | lon = —12mA 
74aaBT] 2000 | SV | Min_| lon = -32 mA; Voc = 4.5V 
VoL Output LOW Voltage 54ABT PB Tv | in lo. = 48 mA; Vocg = 4.5V 
74ABT lo. = 64 mA; Voc = 4.5V 
5 . Vin = Voc 
lit Input LOW Current —5 Vin = 0.5V 
All Other Pins Grounded 
loZH 
los | OutputShort-Circuit Current | 100 =275 | mA | Max | Vour = OV 
icex | OutputHigh Leakage Current | __——_80_|_mA | Max | Vour= Voc 
izz [Bus DrainageTest ———S*«dSCS*~S~S~«O | A | 0.0 | Voy = 55V; Al Others GND 
icon | Power Supply Gurent | 100 | mA | Max _| AllOulputs HIGH 
ico. | PowerSupply Current ‘| 68 | nA | Max | AllOutputs LOW 
All Others at Vcc or GND 
All Others at Vcc or GND 
locpb nee loc No Load sag lam A/ Shuts ae 
Mz One Bit Toggling, 50% Duty Cycle 


Note 1: Guaranteed, but not tested. 
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DC Electrical Characteristics (Continued) 


Parameter Max 


ee ae 
| Quiet Output Minimum Dynamic Vo | =4.0 | 
ee 









Conditions 
= 50 pF; Ry = 5009 


Ta = 25°C (Note 1) 
Ta = 25°C (Note 1) 
Ta = 25°C (Note 3) 
Ta = 25°C (Note 2) 
Ta = 25°C Note 2) 




















Minimum High Level Dynamic Output Voltage 


Minimum High Level Dynamic Input Voltage 
Maximum Low Level Dynamic Input Voltage | sti sd 


Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested. 


Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to threshold (Vj_p), OV to threshold (Vjyp). 
Guaranteed, but not tested. 


Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested. 





AC Electrical Characteristics: see Section 2 for Waveforms 












Ta = —40°C to + 85°C 
Voc = 4.5V~5.5V 
Cy = 50 pF 


Ta = —55°C to + 125°C 
Vec = +5V Veco = 4.5V-5.5V 
C. = 50 pF C_ = 50 pF 


in Typ Woe Min an Moe 
Teimanciocrreawne [so | | md 
a = 






Ta = +25°C 













Symbol Parameter 









2-3, 5 







2-3, 5 





2-3, 5 
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“AC Operating Requirements: see Section 2 for Waveforms 


74ABTC 54ABTC 74ABTC 
Ta = +25°C Ta = —55°Cto + 125°C | Ta = —40°C to + 85°C 
Parameter 


Setup Time, 
A to CLKAB 


Hold Time, 


J00S91 


Setup Time, 


Hold Time, 
B to CLKBA 


3.3 3.3 
3.3 3.3 


Pulse Width, CLKAB 
or CLKBA, High or Low 


Extended AC Electrical Characteristics : see Section 2 for Waveforms 


Ta= Ta = A . 
—40°C to + 85°C —40°C to + 85°C —40°C to + 85°C 
Voc = 4.5V-5.5V Voc = 4.5V-5.5V Vec = 4.5V-5.5V 
Parameter C = 50 pF C, = 250 pF C, = 250 pF 
18 Outputs Switching 1 Output Switching 18 Outputs Switching 
(Note 4) (Note 5) (Note 6) 
| Min Typ Max | oMin Max | Min Max 


Propagation Delay 1.0 5.0 1.5 6.0 2.5 8.0 
Data to Outputs 1.0 5.3 1.5 6.0 2.5 8.0 
Output Enable Time | 1.0 6.5 2.5 8.2 2.5 10.0 

2.5 6.5 2.5 8.2 2.5 9.0 
Output Disable 1.5 6.7 


Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.6., all low-to-high, high- 
to-low, etc.). ; 


Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. This specification pertains to single output switching only. 


Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load. 


Note 7: TRI-STATE delays are dominated by the RC network (5002, 250 pF) on the output and have been excluded from the datasheet. 
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Ta = —40°C to + 85°C Ta = —40°C to + 85°C 
: Vec = 4.5V-5.5V Vec = 4.5V-5.5V 
Parameter C_ = 50 pF _ CL = 250pF 
18 Outputs Switching 18 Outputs Switching 
(Note 3) 


Pin to Pin Skew 
HL Transitions 


tosLH Pin to Pin Skew 
(Note 1) LH Transitions 


DutyCycle | 
_LH-HL Skew 


tosT Pin to Pin Skew 
(Note 1) LH/HL Transitions 


Device to Device Skew 
LH/HL Transitions : 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tosp i), LOW to HIGH (tos_n), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tosT). The specification is guaranteed but not tested. : : ; 

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested. 


, Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 


to-low, etc.) ‘ 
Note 4: These specifications guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors 
in the standard AC load. . . 

Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the 
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested. 


Capacitance 


| Parameter | Typ |_—units_—|___Condiitions, Ta = 25°C 


InputCapacitancs | 5.0 | 
Cour (Note 1) OutputCapacitance | 9.0 |r 


Note 1: Coyt is measured at frequency f = 1 MHz per MIL-STD-883B, Method 3012. 
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CA National | PRELIMINARY 


Semiconductor 


54ABT/74ABT16652C 
16-Bit Transceiver/Register with TRI-STATE® Outputs 


rh g@ A and B output sink capability of 64 mA, source capa- 
General Description bility of 32 mA 


Guaranteed output skew 
Guaranteed multiple output switching specifications 


The 'ABT16652C consists of sixteen bus transceiver circuits 

with D-type flip-flops, and control circuitry arranged for multi- 

plexed transmission of data directly from the input bus or EASA, os 

from the internal registers. Each byte has separate control Output switching specified for both 50 pF and 250 pF 

inputs which can be shorted together for full 16-bit opera- loads 7 ae 

tion. Data on the A or B bus will be clocked into the registers Guaranteed simultaneous switching noise level and dy- 

as the appropriate clock pin goes to HIGH logic level. Out- namic threshold performance 

put Enable pins (OEAB, OEBA) are provided to control the Guaranteed latchup protection 

transceiver function. ~ High impedance glitch free bus loading during entire 
power up and power down cycle 

Features Nondestructive hot insertion capability 

tm Independent registers for A and B buses Disable time less than enable time to avoid bus 

® Multiplexed real-time and stored data contention 

@ Separate contro! logic for each byte 


Ordering Code: see Section 11 


Pin Descriptions - Connection Diagram 


| PinNames | Description Pin Assignment 


Ao-At6 Data Register A Inputs/ for SSOP 


TRI-STATE Outputs 
Bo-Big Data Register B Inputs/ 


TRI-STATE Outputs 
CPABn, CPBAy Clock Pulse Inputs 
-SABnp, SBAn Select Inputs 
OEAB,, OEBA, Output Enable Inputs 





o On OO YF FW BP 





TL/F/11599-1 
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Logic Diagrams 


TO 7 OTHER CHANNELS 


TL/F/11599-2 


TO 7 OTHER CHANNELS 


TL/F/11599-3 


Please note that these diagrams are provided only for the understanding of logic operations and’should not be used to estimate propagation delays. 


Functional Description 

In the transceiver mode, data present at the HIGH imped- 
ance port may be stored in either the A or B register or both. 
The select (SABp, SBA,) controls can multiplex stored and 
real-time. 

The examples in Figure 7 demonstrate the four fundamental 
bus-management functions that can be performed with the 
"ABT 166520. 

Data on the A or B data bus, or both can be stored in the 
internal D flip-flop by LOW to HIGH transitions at the appro- 
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priate Clock Inputs (CPAB,, CPBA,) regardless of the Se- 
lect or Output Enable Inputs. When SAB and SBA are in the 
real time transfer mode, it is also possible to store data 
without using the internal D flip-flops by simultaneously en- 
abling OEABpy and OEBAy,,. In this configuration each Output 
reinforces its Input. Thus when all other data sources to the 
two sets of bus lines are in a HIGH impedance state, each 
set of bus lines will remain at its last state. 





Functional Description (continued) 


Note A: Real-Time Note B: Real-Time Note D: Transfer Storage 
Transfer Bus B to Bus A Transfer Bus A to Bus B Note C: Storage DatatoAorB 


Wit it 
ae : a ee 
TL/F/11599-4 TL/F/11599-5 TL/F/11599-6 TL/F/11599-7 


OEAB, OEBA, CPAB, CPBAy SAB, SBA; OEAB, OEBA; CPABy CPBA, SAB; SBA, QEAB, OEBA; CPABy CPBAy SAB; SBA; ~ OEAB;, OEBA, CPAB, CPBA; SAB; SBA; 
L L x x xX oL H H x x tox x H ww xX x xX H tL HorL Hork HX 
L x Xx sr xXx xX 
L Ho oP OK OK 


FIGURE 1 


Inputs inputs/Outputs (Note 1) Operating Mode 


Ag thru A7 Bo thru B7 


Isolation 

Store A and B Data 

Not Specified | Store A, HoldB 

Store A in Both Registers 
Input ' - | Hold A, Store B 

Store B in Both Registers 
Real-Time B Data to A Bus 
Store B Data to A Bus 
Real-Time A Data to B Bus 
Stored A Data to B Bus 


Stored A Data to B Bus and 
Stored B Data to A Bus 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = tmmaterial ; 

~ = LOW to HIGH Clock Transition P 

Note 1: The data output functions may be enabled or disabled by various signals at OEAB or OEBA inputs. Data input functions are always enabled, i.e., data at the 
bus pins will be stored on every LOW to HIGH transition on the clock inputs. This also applies to data I/O (A and B: 8~15) and #2 control pins. 
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Absolute Maximum Ratings (note 1) | 

If Military/Aerospace specified devices are required, Current Applied to Output 

please contact the National Semiconductor Sales in LOW State (Max) twice the rated Io, (mA) 
Office/Distributors for availability and specifications. DC Latchup Source Current . —500 mA 
Storage Temperature | 65°C to + 150°C Over Voltage Latchup (I/O) 10V 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias Recommended Operating 


Ceramic . 55°C to + 175°C Conditions | 


Plastic —55°C to + 150°C 
Free Air Ambient Temperature 


Vcc Pin Potential to Milita = .) ) . : 
: : ry 55°C to + 125°C 
Ground Pin —0.5V to + 7.0V Commercial s ~40°C to + 85°C 


Input Voltage (Note 2) ' ‘=0.5V to +7.0V Supply Voltage 

Input Current (Note 2) —30 mA to +5.0mA Military +4.5V to +5.5V 

Voltage Applied to Any Output Commercial +4.5V to +5.5V 
in the Disable or Power-Off State —0.5V to +5.5V Minimum Input Edge Rate (AV/At) 
in the HIGH State —0.5V to Voc Data Input 50 mV/ns 


Note 1: Absolute maximum ratings are values beyond which the device may Enable Input 20 mV/ns 
be damaged or have its useful life impaired. Functional operation under Clock Input 100 mV/ns 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 
ABT16652C 
Typ 


Conditions 


. Symbol Parameter | 


= 
5 
= 
3) 
x 


Vin Input HIGH Voltage 

Vit Input LOW Voltage 

Vep Input Clamp Diode Voltage 
Von | OutputHIGH 54ABT/74ABT 


Recognized HIGH Signal 
Recognized LOW Signal 
lin = —18 mA (Non !/O Pins) 


lou = -3 mA, (An: Bn) 
lon = —24 mA, (An, Bp) 
lon ae —32 mA, (An; Bn) 


lo. = 48 mA, (Ap, Bn) 
lo. = 64 mA, (An, Bn) 


lip = 1.9 pA, (Non-I/O Pins) 
All Other Pins Grounded 


Vin = 2.7V or Voc (Non-!/O Pins) 
Vin =:7.0V (Non-I/O Pins) 


Voltage 54ABT 
74ABT 





VoL OutputLOW 54ABT 
Voltage 74ABT- 


Vip Input Leakage Test 


WH Input HIGH Current © 


Input HIGH Current 
Breakdown Test 


IBvi 


Ipvit Input HIGH Current Vin = 5.5V (Ap, Bn) 


Breakdown Test (I/O) 
lit Input LOW Current 
li + lozH | Output Leakage Current 


Vin = 0.5V or OV (Non-I/O Pins) 
Vout = 2.7V (An, Bn); 

OEAB, = GND and OEBA, = 2.0V 
Vout = 0.5V (Ap; By); 

OEAB, = GND and OEBA, = 2.0V 


nA | OV-5.5V 


li + loz_ | Output Leakage Current 


pA | OV-5.5V 


ill : 
° N 
> 
3/5 8/513 Bl < |<] < fell] € 
oO (fo) ‘ 
< 
° 
ro) 
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DC Electrical Characteristics (continued) 


ABT16652C 
Symbol Parameter Conditions 
Min Typ Max 


los Output Short-Circuit Current —100 —275 Vout = OV (Ap, Bn) 


02599} 


IcEx Vout = Vcc (An, Bn) 

lz OV | Vour = 5.5V (An, Bn); All Others GND 
loch All Outputs HIGH 

lect All Outputs LOW 


locz Power Supply Current Outputs TRI-STATE; 
All Others at Voc or GND 
Ioct Additional Icc/Input Vi = Voc — 2.1V 
All Others at Voc or GND 


locp: Dynamic Icc No Load Outputs Open 
(Note 1) OEAB, and OEBA, = GND 
Non-I/O = GND or Voc 
One bit toggling, 50% duty cycle 


Note 1: Guaranteed, but not tested. 


DC Electrical Characteristics (ssop package) 


; Conditions 
st Mabie CL = 50 pF, Ri. = 5000 


p 
0.6 ; Ta = 25°C (Note 1) 
2 


; n 
=12 Ta = 25°C (Note 1) 
Ta = 25° (Note 3) 

20 Ta = 25°C (Note 2) 
Ta = 25°C (Note 2) 


Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested. 


Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to theshold (Vi_p), OV to threshold (VjHp)- 
Guaranteed, but not tested. . 


Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested. 


AC Electrical Characteristics (ssop package): See Section 2 for Waveforms 


Ta = +25°C 
Symbol Parameter Vec = +5.0V 


Propagation Delay 15 
Clock to Bus : 
Propagation Delay 15 
Bus to Bus : 


Propagation Delay 
SBAp or SAB, to Ap to By 


Enable Time 
OEBAp or OEAB, to Ap or By 


Disable Time 
EBAp or OEAB, to Ap or By 





1.5 


1.5 
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AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C Ta = —55°Cto + 125°C | Ta = —40°C to + 85°C 
Parameter Veco = +5.0V Vec = 4.5V-5.5V Vec = 4.5V-5.5V 


Max Clock Frequency 
Setup Time, HIGH - 
or LOW Bus to Clock 
Hold Time, HIGH 

or LOW Bus to Clock 


Extended AC Electrical Characteristics (ssop package): See Section 2 for Waveforms 


Ta = —40°C to +85°C | Ta = —40°Cto +85°C | Ta = —40°Cto + 85°C 
Voc = 4.5V-5.5V Voc = 4.5V-5.5V Vec = 4.5V-5.5V 
Parameter C, = 50 pF CL = 250 pF ‘CL = 250 pF 
16 Outputs Switching 1 Output Switching 16 Outputs Switching 
(Note a ae fer eine agi 5) (Note 6) 
ee 0 7.5 2.5 


Progagation Delay 
Clock to Bus 
Progagation Delay 
Bus to Bus 


Progagation Delay 
SBA or SAB to 
An Or Bn 


Output Enable Time 
OEBA, or OEABn to 
An Or Bn 


Output Disable Time 
OEBA or OEAB to : ; _(Note 7) (Note 7) 
An Or Bn 





Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.). 


Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. This specification pertains to single output switching only. 


Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load. 


Note 7: The TRI-STATE delay times are dominated by the RC network (5002, 250 pF) on the output and has been excluded from the datasheet. 
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Skew (SSOP Package) (Note 3) 


Ta = —40°C to + 85°C Ta = —40°C to + 85°C 
Vec = 4.5V-5.5V Vec = 4.5V-5.5V 
Parameter C_ = 50 pF CL = 250 pF 
16 Outputs Switching 16 Outputs Switching 
(Note 3) (Note 4) 


toSHL Pin to Pin Skew 
(Note 1) | HL Transitions 


toSLH Pin to Pin Skew 
(Note 1) | LH Transitions 
Duty Cycle 
LH-HL Skew SS 
tosT Pin to Pin Skew 40 
(Note 1) | LH/HL Transitions , 
Device to Device Skew 45 
LH/HL Transitions ; 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tosp,), LOW to HIGH (tos_H), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tost). This specification is guaranteed but not tested. 

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested. 
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase ({ie., all LOW-to-HIGH, 
HIGH-to-LOW, etc.). 

Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. 


Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the 
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested. 
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Capacitance 


| parameter | typ | Une 


7 input Capacitance | 8.0 |r 
Cio (Note 1) VO Capacitance 


Note 1: Cio is measured at frequency, f = 1 MHz, per MIL-STD-883B, Method 3012. 
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Conditions 
(Ta = 25°C) 


Voc = OV (non I/O pins) 
Voc = 5.0V (An, Bn) 





Semiconductor 


ZA National 


54ABT/74ABT 162244C 
16-Bit Buffer/Line Driver 
with 250 Series Resistors in the Outputs 


General Description 


The ’ABT162244C contains sixteen non-inverting buffers 
with TRI-STATE® outputs designed to be employed as a 
memory and address driver, clock driver, or bus oriented 
transmitter/receiver. The device is nibble controlled. tndivid- 
ual TRI-STATE control inputs can be shorted together for 
8-bit or 16-bit operation. 


The 252 series resistors in the outputs reduce ringing and 
eliminate the need for external resistors. 


Ordering Code: see Section 11 


Logic Symbol 


Og O% O 03 4 O5 Og O7 Og Oy Mp 4 2 Ys Hy AS 


TL/F/10987-1 


Pin Description . 


| PinNames _ | _Deseription 


Output Enable Input (Active Low) 


Inputs 
Outputs 





Preliminary Data. 
National Semiconductor reserves the right 
to make changes at any time without notice. 


PRELIMINARY 


Features 

m Separate control logic for each nibble 

mw 16-bit version of the ’ABT2244C 

m Guaranteed output skew 

m Guaranteed multiple output switching specifications 


- m Output switching specified for both 50 pF and 250 pF 


loads 
m Guaranteed simultaneous switching noise level and 
dynamic threshold performance 


" m Guaranteed latch protection. 


m@ High impedance glitch free bus loading sane entire 
power up and power down cycle 
m Non-destructive hot insertion capability 


Connection Diagram 


SSOP 


oon OD oO eF WwW HH 


TL/F/10987-2 
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162244C 


Functional Description 


The ’ABT162244C contains sixteen non-inverting buffers 
with TRI-STATE outputs. The device is nibble (4 bits) con- 


_ trolled with each nibble functioning identically, but indepen- 


Truth Tables 


High Voltage Level 
Low Voltage Level 
= Immaterial 

Z = High Impedance 


H 
L 
xX 


Logic Diagrams 


TL/F/10987-3 
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dent of the other. The contro! pins can be shorted together 
to obtain full 16-bit operation. 


Schematic of each Output 


Voc 
Output 
GND 


TL/F/10987-4 





Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 


Junction Temperature under Bias 
Ceramic —55°C to + 175°C 
Plastic —55°C to + 150°C 


Vcc Pin Potential to 
Ground Pin —0.5V to +7.0V 


Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30mA to +5.0mA 


Voltage Applied to Any Output 
in the Disabled or 
Power-off State —0.5V to 5.5V 
in the HIGH State —0.5V to Voc 


Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


DC Electrical Characteristics 


ViH Input HIGH Voltage 2.0 
Vit Input LOW Voltage 


Vop Input Clamp Diode Voltage 
VoH Output HIGH Voltage 





Output LOW Voltage 


DC Latchup Source Current —500 mA 
Over Voltage Latchup (I/O) 10V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 

Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military —55°C to + 125°C 
Commercial —40°C to + 85°C 
Supply Voltage 
Military +4,5V to +5.5V 
Commercial +4,5V to +5.5V 


Minimum Input Edge Rate (AV/At) 
Data Input 50 mV/ns 
Enable Input 20 mV/ns 


Conditions 


Recognized HIGH Signal 
Recognized LOW Signal 
lin = —18mA 

lon = —3mA 

loo = —12mA 

lon = —32mA 


lol = 15 mA 
lol = 15 mA 


Input HIGH Current it VIN = 2.7V 
Vin = Voc 

Input HIGH Current = 
Input LOW Current —5 Vin = 0.5V 
—5 Vin = 0.0V 


Input Leakage Test 


lip = 1.9 pA 
All Other Pins Grounded 


locz Power Supply Current 100 OEn = Voc 
All Others at Voc or GND 


IoctT Additional Icc/Input Outputs Enabled 
Outputs TRI-STATE 
Outputs TRI-STATE 


Dynamic icc No Load 
(Note 1) 





Note 1: Guaranteed, but not tested. 
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Vi = Voo — 2.1V 

Enable Input V;) = Vcc — 2.1V 
Data Input V; = Voc — 2.1V 
All Others at Voc or GND 


Outputs Open 
OE, = GND 


One Bit Toggling, 50% Duty Cycle 
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DC Electrical Characteristics 


a 
Ta = 25°C (Note 1) 
| 5.0 | Ta = 26°C (Note 1) 
| 5.0 | Ta= 26°C (Notes) 
v_| 50 | T= 256 (Note2) 
v_| 50 | Ta= 25°C (Note2) 


Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested. 


Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to threshold (Vip), OV to threshold (Vinp). 
Guaranteed, but not tested. ; 


Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested. 


AC Electrical Characteristics: see Section 2 for Waveforms 


Ta = +25°C Ta = —55°C to + 125°C Ta = —40°Cto +85°C 
Parameter Vec = +5V Vec = 4.5V-5.5V Vec = 4.5V-5.5V 
C._ = 50 pF C. = 50 pF C. = 50 pF 
| Min Typ Max | Min Max 


Propagation 1.0 2.3 3.9 1.0 3.9 


' Delay Data 
: 2 . 
to Outputs me : ay 


Output 1.5 3.5 6.3 
Enable Time 15. 4.0 6.9 





Output 1.0 4.2 6.7 
Disable Time 1.0 4.2 6.7 


— 40°C to + 85°C — 40°C to + 85°C — 40°C to + 85°C 
Vec = 4.5V-5.5V Vec = 4.5V-5.5V Voc = 4.5V-5.5V 
C, = 50 pF Cl = 250 pF C, = 250 pF 
16 Outputs Switching 1 Output Switching | 16 Outputs Switching 
(Note 4) (Note 5) (Note 6) 


MaxToggleFrequency| 100, | 
; Propagation Delay. 1.5 — A 1.5 
Data to Outputs 1.5 : 1.5 10.0 
5 : 


Output Enable Time 1. 2.5 7.9 


Parameter 


12.2 ‘2. 12.5 


16 7.0 2.5 5 
Output 1.0 67 
Disable Time 1.0 6.7 (Note 7) (Note 7) ns | 


Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.). : 


Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. This specification pertains to single output switching only. ‘ 

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load. 

Note 7: TRI-STATE delay times are dominated by the RC network (5002, 250 pF) on the output and has been excluded from the datasheet. 
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Ta = —40°C to + 85°C Ta = —40°C to + 85°C 
Vec = 4.5V-5.5V Vec = 4.5V=-5.5V 
Parameter C. = 50 pF CL = 250 pF 
16 Outputs Switching 16 Outputs Switching 
(Note 3) 


tOSHL Pin to Pin Skew 
(Note 1) HL Transitions 

tosLH Pin to Pin Skew 

(Note 1) LH Transitions 

tps Duty Cycle 

(Note 5) LH-HL Skew 

tost Pin to Pin Skew 

(Note 1) LH/HL Transitions 


Device to Device Skew 
LH/HL Transitions 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tosyi), LOW to HIGH (tosiH), Or any combination switching LOW to HIGH and/or HIGH to LOW 
(togt). The specification is guaranteed but not tested. 

Note 2: Propagation delay variation for a given set of conditions (i.6., temperature and Vcc) from device to device. This specification is guaranteed but not tested. 
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.6., all low-to-high, high- 
to-low, etc.) 

Note 4: These specifications guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors 
in the standard AC load. 


Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is'measured across all the 
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested. 


Capacitance 


Typ | __Units__|__Conaitions, Ta = 25°C 


InputCapacitance | 5.0 | pF 
Cour(Note 1) Output Capacitance | 9.0 | 


Note 1: Court is measured at frequency f = 1 MHz per MIL-STD-883B, Method 3012. 
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Section 6 
Integrated Bus Function 
(IBF) Family 





Section 6 Contents 


74ABT3284 Synchronous Datapath Multiplexer 

ACTQ3283T 32-Bit Latchable Transceiver with Parity Generator/Parity Checker and Byte 
Multiplexing with TRI-STATE Outputs 

FR900 9-Bit, 3-Port Latchable Datapath Multiplexer 

FR25900 9-Bit, 3-Port Latchable Datapath Multiplexer with 25 Output Series Resistors 





Za National 


Semiconductor 


74ABT3284 


PRELIMINARY 


18-Bit Synchronous Datapath Multiplexer 


General Description 


The 74ABT3284 is a synchronous datapath buffer designed 
to transmit four 9-bit bytes of data onto one or two 9-bit 
bytes in 2:1 or 4:1 multiplexed configurations. The device 
supports bidirectional data transfer in transparent or regis- 
tered modes. A data byte from any one of the six ports can 
be stored during transparent operation for later recall. Data 
input to any port may also be read back to itself for byte 
manipulation or system self-diagnostic purposes. 

The 74ABT3284 is useful for interleaving data in memory 
applications or for use in bus-to-bus communications where 
variations in data word length or construction are required. 


Features 
tm Advanced BICMOS™ technology provides high speed 
at low power consumption 


Ordering Code: see Section 11 
Connection Diagram 


TL/F/11582-1 


18-bit 2:1 or 9-bit 4:1 multiplexed modes 
Registered or transparent datapath operation 
Output enables and select lines have the option of be- 
ing synchronized for pipelined operation 
Independent input, output register and control synchro- 
nizing clocks insure maximum timing flexibility 
Independent contro! signals insure functional flexibility 
Guaranteed output skew 
Guaranteed simultaneous switching noise level and 
dynamic threshold performance 

m= Guaranteed latchup protection 

mg High impedance glitch free bus loading during entire 
power up and power down cycle 

tu Non-destructive hot insertion capability 


Pin Assignment 


Mode__SC 
Voc - 

Dg 

D7 

Dg 





3284 


Logic Diagrams 


OFA sa2x(0,1)s # 
otB 
EOC 
OED 


OEX 


XSEL(0,1)S 


OEY 
MODE_SO 


LDAI 
Lo8t * CONTROL 
Loci 
LoD! 
LDAO 
LDBO : 
Loco 
p00 
ASEL(0) 
ASEL(1) 
SA2X(0) 
SA2X(1) 
XSEL(0) 
XSEL(1) 
YSEL 
MODE_W 


MODE_SC 


ASEL(0, 1)S 


x 





Typical 
CPAX 


CPXA 


CPIN 


TL/F/11582-2 


FIGURE 1. 18-Bit Synchronous Datapath Multiplexer 
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Logic Diagrams (Continueg) 
SA2Xx(0,1) 
XSEL(0,1)S 


ASEL(0,1)S 


TL/F/11582~3 


FIGURE 2. Synchronous Bus Multiplexer » 
A-X Datapath 


SA2X(0, 1)S XSEL(0,1)S 


ASEL(0,1)S 





C and D ports are configured similarly to the B port. TL/F/11582-4 
FIGURE 3. Synchronous Bus Multiplexer 
B PORT Datapath 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales. 
Office/Distributors for availability and specifications. 


Storage Temperature 
Ambient Temperature under Bias 


Junction Temperature under Bias 
Ceramic 
Plastic 


Vcc Pin Potential to Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 


Voltage Applied to Any Output 
in the Disabled or Power-off State 
in the HIGH STATE 


Current Applied to Output 
in LOW State (Max) 


65°C to + 150°C 
"85°C to + 125°C 


—55°C to + 175°C 
—55°C to + 150°C 
—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to + 5.5V 
—0.5V toVoc © 


twice the rated Io, (mA) 


DC Latchup Source Current 
Over Voltage Latchup (1/0) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current timit is sufficient to protect inputs. 


Enable Input 


DC Electrical Characteristics 


ABT3284 
Symbol Parameter 


VIH 
Vit 
Vep 
Vou 


Vot 
NIH 
IBvI 


liq + 
lozH 


Iw + 


loz 
los 

IcEX 
Izz 

IccH 
Ic 
Iccz 


Icct 


locb 


Input LOW Voltage 
Input Clamp Voltage 


Output HIGH Voltage 


Output LOW Voltage 


Input HIGH Voltage 
Input HIGH Current fife re ee 


Input HIGH Current 
Breakdown Test 

Input HIGH Current 
Breakdown Test (I/O) 

Input LOW Current Dre 


Input Leakage Test 
Output Leakage Current 
Output Leakage Current 


F Outputhigh Leakage Curent | __——~S—iO 
F Bus Drainage Test__—-|—~SSCSC~wO_— 


Additional Icc/Input 


—275 


Dynamic Ico No Load 


Min Typ Max 
a aa 
4.75 
140 





pA 
pA 
pA 
pA 
V 
pA 
pA 
mA 
pA 
pA 
mA 
mA 
pA 
mA 


N™S 


cc 


V 
Max 


—500 mA 
10V 


Recommended Operating . 


Conditions 
Free Air Ambient Temperature — 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 
Minimum Input Edge Rate 
Data Input 


— 55°C to + 125°C 
—40°C to +85°C 


_+4.5V to +5.5V 
+4,5V to +5.5V 


(AV/At) 
50 mV/ns 
20 mV/ns 


Conditions 


Recognized HIGH Signal 
Recognized LOW Signal 
lin = —18mA 


lon = —3mA 
lon = —32 mA (Note 3) 


lo. = 64 mA (Note 4) 
Vin = Voc 
Vin = 7.0V Control Inputs 


5 VIN = 5.5V (An; Bn: Ch, Dn, Xn Yn) 


Vin = 0.5V Control Inputs 


lip = 1.9 pA Control Inputs 
All Data Pins Grounded 


VouT = 2.7V (An; Bn; Cr; Da; Xn Yn) 
All Output Enables = 2.0V 


Vout = 0.5V (An, Bn: Crs Dp, Xn: Yn) 
All Output Enables = 2.0V 


Vout = 0.0V (An, Bn: Crs Dn, Xn Yn) 
Vout = Vec (An: Bn: Cn, Dn: Xn: Yn) 
Vout = 5:5V (An, Bry Crs Dns Xnv Yn) 
All Outputs HIGH 
All Outputs LOW 


Output Enables = Vcc; 
All Others at GND 


Vin = Voc — 2.1V 
All Others at Vcc or GND - 
Outputs Open 


Output Enables = GND 
One Bit Toggling, 50% Duty Cycle 


Note 3: Up to 18 outputs can each source 32 mA continuously, or any combination of outputs can source up to a total of 324 mA. For example, 36 outputs can 
continuously each source 16 mA. 


Note 4: Up to 18 outputs can each sink 64 mA continuously, or any combination of outputs can sink up to a total of 648 mA. For example, 36 outputs can 
continuously each sink 32 mA. 





p9ze 


DC Electrical Characteristics 


Conditions 
C. = 50 pF, Ry = 5009 


Ta = 25°C (Note 2) 


Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested. 


Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to theshold (Vj_p), 0V to threshold (Vipp). 
Guaranteed, but not tested. ; 


Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested. 


AC Electrical Characteristics: see Section 2 for Waveforms 


Ta = +25°C Ta = —40°C to + 85°C 
Parameter Vcc = +5.0V Vcc = 4.5V to 5.5V 
C. = 50 pF 
Min Typ Max 


Propagation Delay Clock Data 
Register to A, B, C, D, X, or Y 
Propagation Delay Clock Select 
Register to A, B, C, D, X, or Y (Note 1) 


Propagation Delay A, B, C, D, X, or Y 
Data Inputs to A, B, C, D, X, or Y 
Outputs (Note 1) 

Propagation Delay Select Inputs 
(without clocking) to A, B, C, D, X, or Y 
Outputs (Note 1) 

Propagation Delay CLKA at Select 
Inputs to A, B, C, D, X, or Y Outputs 
(Note 1) : 


Note 1: Maximum 18 outputs switching simultaneously. 


AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C Ta = —40°C to + 85°C 
Parameter Voc = +5.0V Voc = 4.5V to 5.5V 
C. = 50 pF C_ = 50 pF 
Min Typ Max 


Setup Time High or Low A, B, C, D, X, 
3 
~ and Y Inputs 
Hold Time High or Low A, B, C, D, X, and 
Y Inputs 
Pa its 


Pulse Width, Low 
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Skew (soic Package) 


Ta = —40°C to + 85°C Ta = —40°C to + 85°C 
Vec = 4.5V-5.5V Voc = 4.5V-5.5V 
Parameter C_ = 50 pF C. = 250 pF 
18 Outputs Switching 18 Outputs Switching 
(Note 3) (Note 4) 


| ee 
re 
reo 
feeolaresey [Tm | 
creme | me 
fowolcumerammme | || 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tosHi), LOW. to HIGH (tosiH), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tost). This specification is guaranteed but not tested. 


Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested. 


Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH, 
HIGH-to-LOW, etc.). 


Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. 


Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the 
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested. 


Capacitance : 


Parameter 


Conditions 
Ta = 28°C 


Voc = 5.0V 
(An, Bn: Ch; Dn, Xns Yn) 





| ume | 
Input Capacitance | sop Voc = OV Control Inputs 


Ci/o (Note 1) 1/O Capacitance 


Note 1: Cio is measured at frequency f = 1 MHz, per MIL-STD-883B, Method 3012. 
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Semiconductor 


74ACTQ3283T 32-Bit Latchable Transceiver with Parity 
Generator/Parity Checker and Byte Multiplexing with 


TRI-STATE® Outputs 


General Description 


The 'ACTQ3283T is a 32-bit latchable transceiver with parity 
checker/generator. The device can operate as a transceiv- 
er generating parity in the A-B direction and checking it in 
the B-A direction. It can be used to multiplex between data 
bytes, and provides an easy interface between 32-bit and 8- 
or 16-bit data busses. It has a guaranteed current sink/ 
source capacity of 24 mA, and features reduced voltage 
swing outputs to improve output noise and EMI crosstalk. 
The 'ACTQ3283T features independent latch enables for 
the B side, and a 32-bit latch enable for the A side. Each 
byte is selectable separately for complete byte-wide multi- 
plex control. 


Ordering Code: see Section 11 


Connection Diagram 


Features 

m Utilizes NSC Quiet Series technology to guarantee quiet 
output switching and improve dynamic threshold per- 
formance. FACT Quiet Series™ features GTOT output 
control for superior performance 

m@ Reduced voltage swing outputs for lower EMI 

m™ Latchable transceiver with 24 mA source/sink capability 

m@ Even parity generation in A-B direction and 32-bit parity 
check in B-A direction 

m Fully selectable byte multiplexing allows byte swapping, 
byte copying, and 32-bit to 8-bit/16-bit multiplexing 

m@ Separate control logic for each byte 


Pin Assignment for PQFP 


feg | 
wa WY 


TL/F/10979-1 
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Functional Description 


The ’ACTQ3283T can operate in transparent or latched 
modes, with complete byte multiplexing selectable at every 
byte. For the following descriptions data byte will be referred 
to as Ap or By, the n refers to 0-3 thus representing bytes 

Ao, Ad, A2 or Ag. 

— Byte A, to Bp, (Feedthrough mode), LEA is held HIGH to 
put latch in transparent mode. Parity is generated for 
each byte and select pins SO, and S1, select which data 
byte (Ap—As3) is fed through. 

Byte Bh to A, (Feedthrough mode), LEB, is held HIGH 
to put latch in transparent mode. Parity is checked for 
each byte and ERR32 goes LOW if there is one or more 
parity errors. Select pins SO, and S1, select which data 
byte (Bo—B3) is fed through. 

Independent Latch enables LEA, LEBo, LEB;, LEBo and 
LEBs3 provide means of latching data at the A bus or at 
any byte (Bp-B3) on the B bus. Select pins SO, and S1, 
select which data byte. output. See function table and 
select table for further information. 


Select Table 


Byte 0 Data Selected 


Byte 1 Data Selected 
Byte 2 Data Selected 
Byto 3 Data Selected 





Pin Description 


| PinNames | Description 


Ao Byte Inputs/Outputs 
.A; Byte Inputs/Outputs 
Ao Byte Inputs/Outputs 
Ag Byte Inputs/Outputs 
Bo Byte Inputs/Outputs 
B, Byte Inputs/Outputs 
Bo Byte Inputs/Outputs 
Bg Byte Inputs/Outputs 
Output Enable for Byte 
Bo-B3, Organized Byte 
Wide, Active LOW 
Output Enable for Byte 
Ao—Ag, Organized Byte 
Wide, Active LOW 
Latch Enable for Ao, 
Ay, Ag and A3. HIGH 
for Transparent mode. 
LEBg-LEB3 Latch Enable for Bo- 
Bg Organized byte 
wide. HIGH for 
Transparent mode. 
S09-S03 Select Pins for Byte 
S19-S13 Multiplexing, Organized 
by Byte. 
BPARp-BPAR3 Parity bit input/output, 
one per byte B side 
only. LOW for EVEN 
parity. 
32-bit parity error, 
generated by bytes 
Bo-B3 and BPARo- 
BPAR 3. LOW indicates 
parity error on ONE or 
MORE of B side bytes. 


Select pins for the "ACTQ3283T are organized by byte, and 
allow for complete byte multiplexing of data. Two control 
pins SO and Si are available for each byte, and the data is 
selected as described in the Select Tabe for both the A~B 
and B-A direction. 





Function Table 


GAB, 
H 


H 


= High Voltage Level 

= Low Voltage Level 

= Immaterial 
An — indicates byte Ao, Ay, Az or Ag 
B, — indicates byte Bo, By, Bo or Bg 
Ag — indicates byte 0, or pins Ag-Az 
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' Operation 


Busses A,, and Bp are in TRI-STATE 


Data on bus Ag is fed through to By 
Parity BPAR, is generated from Ag 


Data on bus Aj is fed through to B, 
Parity BPAR, is generated from A, 


Data on bus Ag is fed through to B,, 
Parity BPAR, is generated from Aa 


Data on bus Ag is fed through to By 


- Parity BPAR, is generated from Ag 


Data on bus Bo is fed through to A, 
Parity is checked by B, and BPAR, 
ERR322 is pulled LOW on parity ERROR 


Data on bus By is fed through to A, 
Parity is checked by By and BPAR, 
ERR32z2 is pulled LOW on parity ERROR 


Data on bus Bo is fed through to A, 
Parity is checked by B, and BPAR, 
ERR32 is pulled LOW on parity ERROR 


Data on bus Bs is fed through to A, 


~ Parity is checked by B, and BPARn 


ERR32z2 is pulled LOW on parity ERROR 


Data on bus A is latched and output 
on B, based on the select signals 


Data on bus B,y is latched and output 
on A, based on the select signals 





LE8ZED 





Logic Diagrams 


Q3283T 


SEE DETAILA 


BYTE AO BYTE BO 


BYTE At ea, BYTE Bt 
Ag Ars 


BYTE A2 GBAo BYTE B2 
Arg ~Ag3 


BYTE A3 GBA; BYTE B3 
Ag47A34 


TL/F/10979-2 


DetailA 


PARITY TREE 


TO BYTES 1,2,3 
FROM BYTE 1 
FROM BYTE 2 


LEB, FROM BYTE 3 


FROM BYTE 3 
FROM BYTE 2 
FROM BYTE 1 
TO BYTES 1,2,3 


TL/F/10979-3 
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Absolute Maximum Ratings (note 1) Recommended Operating 

If Military/Aerospace specifled devices are required, Conditions 

please contact the National Semiconductor Sales 

_Office/Distributors for availability and specifications. ae a (Vcc) 4.5V to 5.5V 


Supply Voltage (Vcc) —0.5V to +7.0V Input Voltage (V)) OV to Voc 
DC Input Diode Current (||) 


Vv, = —0.5V —20mA Output Voltage (Vo) OV to Vcc 
Vi = Voc + 0.5V +20mA Operating Temperature (Ta) : 


DC Output Diode Current (Io) TANS —40°C to + 85°C 
Vo = —0.5V ~20mA Minimum Input Edge Rate dV/dt 


Vo = Voc + 0.5V +20 mA Sagi aire ve aeons 
7 IN from 0.8V to 2. 
DC Output Voltage (Vo) 0.5V to Vcc + 0.5V Voc @ 4.5V, 5.5V 
DC Output Source/Sink Current (Io) +50 mA 


DC Vcc or Ground Current 
per Output Pin +50mA 


Junction Temperature 
PQFP + 140°C 


Storage Temperature —65°C to + 150°C 


ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 


LE8zEo 


DC Electrical Characteristics for ACTQ Family Devices 


74ACTQ 74ACTQ 
Vec 
(V) 


Symbol Parameter 


—40°C to +85°C Conditions 
Guaranteed Limits 


Vin . Minimum High 4.5 1.5 2.0 V Vout = 0.1V 
Input Voltage 5.5 1.5 2.0 or Vou 
Vi Maximum Low 45 | 15 0.8 0.8 , Vout = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 or Vou 
Minimum High 4.5 3.15 3.15 Vv lout = —50 pA 
Output Voltage 5.5 3.85 3.85 
Vin = Vic or Vin 
4.5 2.0 . 
5.5 2.0 
Maximum Low 4.5 0.001 0.1 
Output Voltage 5.5 0.001 0.1 
+0.5 


—24 mA 
OH —24 mA 


lout = 50 pA 


Vin = Vit or Vin 
24mA 
OL 24 mA 


Vi = Voc, GND 
Vi = Voc — 2.1V 


Vin = Voc 
or GND 


Vo_Lp = 0.8V Max 
VoHD = 2.0V Min 
Vi (OE) = Vit. Vin 





0.36 0.44 
0.36 0.44 


2.0 
2.0 
0.1 
0.1 
lin Maximum Input Leakage Current +1.0 | 
loct___| Maximum Io¢/Input ae =| 
80.0 
63 
£5.0 





loc 


loin | tMinimum Dynamic eee el ears al 


lonp Output Current 


lozt Max I/O Leakage Current | +05 | +50 | 


tMaximum test duration 2.0 ms, one output loaded at a time. 


V 

V 

Vv 
pA 
mA 
pA 
mA 
mA 
pA 
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DC Electrical Characteristics for ACTQ Family Devices (continued) 
- 74ACTQ 74ACTQ 
Parameter , +25°C —40°C to + 85°C 
: Typ Guaranteed Limits 
-| Quiet Output, 
Maximum Dynamic Vo 
Quiet Output 
Minimum Dynamic Vo. 


















2o 
“OO 


Conditions 


Figures 9, 10 
(Notes 2, 3) 





Oo 
N 





Figures 9, 10 
(Notes 2, 3) 





1 Maximum Figures 9, 10 
casei (Notes 1, 3) 






Minimum 

Voc Droop 
Minimum High 
Dynamic Input 
Voltage Level 


Figures 9, 10 
(Notes 1, 3) 


(Notes 1, 4) 


VoH — 0.3 










Maximum Low 
Dynamic Input 
Voltage Level 


(Notes 1, 4) 


: — = 
nN N 





Note 1: Worst case package. : 
Note 2: Maximum number of outputs that can switch simultaneously is n. (n-1) outputs are switched LOW and one output held LOW. 

Note 3: Maximum number of outputs that can switch simultaneously is n. (n-1) outputs are switched HIGH and one output held HIGH. 
Note 4: Maximum number of data inputs (n) switching. (n-1) input switching OV to 38V (‘ACTQ). Input under test switching 3V to threshold (Vj_p). 


AC Electrical Characteristics 


74ACTQ 74ACTQ 
Vec* + 25°C — 40°C to + 85°C Fig. 
Symbol Paramete 
oo . (V) 50pFo 50 pF No. 


Min Typ Max 
teLH Propagation Delay 


oO 
—_— 
(>) 
fo») 
bt 
ao 
— 
o1 
oO 
ss 
rs 
~N 












tPHL AtoB 3.5 7600. (97 3.5 10.8 1 
tPLH - Propagation Delay ae ze a ae ie 
tPHL BtoA : 
tPLH Propagation Delay 

~ tPHL Ato BPAR, 4.5 9.6 12.1 45 13.6 4 
tPLH Propagation Delay 
teHL B to ERR32 5.0 12.0 14.8 5.0 16.7 4 
tPLH Propagation Delay | 
tPHL -| BPAR, to ERR32 3.5 10.5 13.2 3.5 14.8 4 









tPLH Propagation Delay 

PHL LEA to B, 

tpLy .-| Propagation Delay : 
tpHL LEA to BPAR, 


tpLH .| Propagation Delay 


iN b 
a on 
for) foo) 
N co 
—_ —_ 
° ° 
wo wo 
A 
on 
—_ 
no 
‘i —_ 
is 






tPHL: LEBny to An 

tPLH Propagation Delay 

toni: S0/S1,, to An 4.5 9.3 11.6 4.5 | 12.9 2 

tPLH . Propagation Delay 

tPHL S0/S1, to B, 3.5 8.6 10.9 3.5 12.1 5 
$0/S1, to BPARn 

tezH 

tpLz Disable Time 1.0 72 6,7 

tpHz 


*Voltage range 5.0 is 5.0V +0.5V. 
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AC Operating Requirements ! 


74ACTQ 74ACTQ 
Parameter 


Typical _ Commercial 
Ta = +25°C — Ta = —40°C to + 85°C 
Setup Time An to LEA p so | oo TT 
Setup Time By, BPAR, toLEB, | 5.0 | 


LE8ZE0 


es ee eee ea 
ae ee re Cee 
eee 
ee ee er ee 
|_MinPulsowidthtep, | 50 | tS | 


*Voltage range 5.0 is 5.0V +0.5V. 


Extended AC Electrical Characteristics 


-7T4ACTQ 74ACTQ 74ACTQ 
Ta= Com Ta = —40°C to +85°C | Ta = —40°C to +85°C 
Vec = Com Voc = C Voc = C 
C_ = 50 pF CO Cee 
Symbol Parameter’ =| - a0 Gutsote C. = 250 pF C_ = 250 pF 
P (Note 2) (Notes 1, 2) 


Switching 
(Note 1) 1 Output Switching 32 Outputs Switching 


tpLH - Propagation Delay 
A 5.0 ° 13.0 6.0 16.0 





tpLH Propagation Delay 


tPHL to 


tPLH Propagation Delay 
tPHL A to BPAR, 6.0 17.0 7.0 19.0 


ii 


tPLH Propagation Delay || — 
tpi: B to EARS2 6.0 17.5 7.0 19.5 8.0 20.5 


tpLH Propagation Delay . 
tpHL BPAR, to ERR32 
teLH Propagation Delay . 
tpHL LEA to By, 
tpLH Propagation Delay 
tpHL LEA to BPAR, ' ° 
tpLH Propagation Delay | . 
teHL LEB, to An 
teLH Propagation Delay 
teLH Propagation Delay 
S0,/S1, to BPAR, 
tpzL Enable Time 
teZH 
tpLz Disable Time 
tpHz 
Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (il.e., all low-to-high, high- 
to-low, etc.). ; 


Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. ; 


Note 3: TRI-STATE delays are load dominated and have been excluded from the datasheet. ; 
Note 4: The Output Disable Time is dominated by the RC network (5002, 250 pF) on the output and has been excluded from the datasheet. 


> 
a. 


-—_ 
N 
a 


15.5 5.0 


N 
oO 


°o 
—"s 
= 
° 


“ 
oa 


@ 
° 
—_ 
N 
roo) 
N 
° 
fo.) © 
° ° 


(Note 3) Ke 





(Note 4) nS 





Q3283T 


Symbol 
7.0 


Capacitance 
| Conditions _| 


Input Pin Capacitance Voc = 5.0V 
; 


Cc Power Dissipation 
Capacitance 


Voc = 5.0V 


AC Path 
| LEA, 


ee EVEN PARITY 
(B,, BPAR, ) 
By BPAR, ie 
(A,) 


A,—> B,, BPAR, fede 72 
(> A) : as Ay OPAR, 





TL/F/10979-6 
Gr . FIGURE 3 


TL/F/10979-4 
FIGURE 1 


LEA 
(LEB, ) 


ODD PARITY EVEN PARITY - 


An 
(8, BPAR,) 
8, BPAR, 
(Ay) 
LEA—> B., BPAR, 
(LEB, —> A,) 
LH 


EVEN PARITY 


TL/F/10979-5 
FIGURE 2 


B,, BPAR, —> ERR32 


TL/F/10979-7 
FIGURE 4° 





AC Path (Continued) 


LEA, LEA 
(LEB,) (LEB, ) 
GAB, 
(By, BPARg) (GBA) 
Ay B. BPAR, 
i — Vo. * 0.3V 
(B, , BPAR, ) (A,) You 
Ay — 
(B,, BPAR,) GAB, —> B,, BPAR, 
i (GBA, —> A,) 
(Bs, BPARs) tz 


LE8ZEO 


TL/F/10979-10 
FIGURE 7 


LEA, 
(LeB,) 


Ag 
oe 
rm A 


$0,,S1,—~ 8, (A,) 


FIGURE 5. 32-Bit to 8-Bit Multiplexing 


Ap 

(B,, BPAR,) 

LEA, As 

(LEB, ) (Bs, BPAR3 } 
GAB, 

(Gi, ) 

B,. BPAR, 

(A,) 

GAB, —> 6,, BPAR, 

(GBA, —> 4,) 

uz 


$19.50 

$1, +50, 

$1480, 

S13, S05 

TL/F/10979-9 us ox08 C_oxFO DK _OxFF__ YK 0x00 

ot KX 
OnOF CXF DK OxFF__ DK 0x00 
OxFF C0x0F DK _oxFF__ DK 0x00 


S0,,S1,—> 8, (A,) 





FIGURE 6 


TL/F/10979-11 
FIGURE 8. Byte Swapping and Byte Copying 
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Application 1: 32-Bit or 2/16-Bit Data Buffer and Parity Generate/Check 
Detailed Pin Description 


The following is a table that relates the pin names of the discrete implementation to the ’ACTQ3283T. Also listed are the number 
of pins, the type of each pin and the function performed. 


"ACTQ3283T Discrete # of Type’ Function 
Symbol Symbol Pins TYP 


* Ag-A7 1/0 One of the two 32-bit 
Ag-Ai5 1/0 busses serviced by the 
Ai6—-A23 1/0 "ACTQ3283T. During . 
Ao4—-A31 1/0 transfer from A bus to B bus 

the signal associations are: 

Ao-A7_ ~—- Bo -B 
Ag-Ais = Ba-Bis 
Aye-A23  Big-Ba3 
A24-A31 Ba4-Bai 

One of the two 32-bit 

busses serviced by the 

"ACTQ3283T. During 

transfer from B bus to A bus 

the signal associations are: 
Bo-B7 Ao~A7z 
Bg-Bis Ag-Ais 
Big-Bag Ai6s~Aag 
Bo4-B31 Az4-Ag1 


BPAR o-BPAR3 BPARo-BPAR 3 When data is transferred 
; from the A side to the B side 
each parity bit will be 


generated to perform even 
parity for each byte. Data 
transferred from the B side 
to the A side will provide the 
parity bit which will be 
checked internally. 


GAB p-GAB3 ENo-EN3 A output enables. When this 

; T/R (L) signal is low the data on the 
T/R (H) . Aside, latched or active will 

be output to the B side. 

Signal associations are: 
Ag-A7 Bo-B7 
As-Ais Bg-Bis 
A16~A23 Big-Bag3 





A24-A31 | Bo4-Bai 


*| = Input, O = Output 
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Application 1: 32-Bit or 2/16-Bit Data Buffer and Parity Generate/Check 


(Continued) 





LE8ZEO 





Detailed Pin Description (Continued) 
















"ACTQ3283T Discrete # of Type Function 
Symbol Symbol Pins de 








GBAp-GBA3 B output enables. When this 
signal is low the data on the . 
B side, latched or active will 
be output to the A side. 
Signa! associations are: 
GABo Bo-B7 Ao-A7 
GAB; Bg-By5 Ag-Ais 
GAB2 By6-Bz3 Ate~Aga 
GAB3 
This pin indicates if any one 


or more bytes had a parity 
error. 


























a 


Application 1: 32-Bit or 2/16-Bit Data Buffer and Parity Generate/Check 


Bo4-B31 Az4-Agi 

















8 






8 
Ag4~A34 





EN; 
T/R(H) 





T/R(L) 








TL/F/10979-12 
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Q3283T 


Application 2: 16-Bit Data and 16-Bit Address Buffer 


’ Detailed Pin Description 


The following is a table that relates the pin names of the discrete implementation to the "ACTQ3283T. Also. listed are the number 
of pins, the type of each pin and the function performed. 


Ao~-A7_ ADoo-ADo7 0 . 
As-A15 ADog—-ADi5 1/0 
Aig—A23 AAgo—AAo7 1/0 
AAgs-AAi5 1/0 


"ACTQ3283T 
Symbol 


Discrete 


Symbol Function 


One of the two 32-bit busses 

serviced by the ’"ACTQ3283T. 
During transfer from A bus to 

B bus the signal associations 
are: 


A24-Ag1 


BDoo-BDo7 
BAy6-BAo3 
BAz4-BAgy 


Ag-Az 
Ag-A1s 

Aie-Azg 
A24-A31 


Bo-B7 
Bg-By5 
Big-Bog 
Bo4-Bay 


One of the two 32-bit busses 
serviced by the ’"ACTQ3283T. 
During transfer from B bus to 
A bus the signal associations 


are: 
Bo-B7  Ag-Az 
Bg-Bis 9 Ag-A45 
Bie-Bag3 Are-Azg 
Bo4-Bg31 Az4-Agy 
Each BPAR pin should be tied 
to Vcc through a suitable 
resistor if parity is not used. 


BPARo-BPAR3 BPAR p-BPAR3 


A output enables. When this 
signal is low the data on the A 
side, latched or active will be 
output to the B side. Signal 
associations are: 

Ao-Az Bo-B7 

Ag-Ai5 Bg-Bis 

A16-A23 «= Byg- Bag 
Ba4-Ba4 
B output enables. When this 
signal is low the data on the B 
side, latched or active will be 
output to the A side. Signal 
associations are: 

B Bo-B7 toAg-A7 
GBA; Bg-By5 to Ag-Ay5 
GBA2_ Tied high for this app. 
GBA3_ Tied high for this app. 


LEA : Will latch in the address and 
data. 


Individual B byte latch enable. 
When in high state, B data is 
transparent and if in low state, 
B data is latched 

LEBp HorL 

LEB, HorLl 

LEBo Low for this app. 

LEBg Low for this app. 


GABo-GAB3 


A24-Aai1 


LEBop-LEB3 





Application 2: 16-Bit Data and 16-Bit Address Buffer (continued) 
Detailed Pin Description (Continued) 


"ACTQ3283T Discrete # of Type Function 
Symbol Symbol! Pins - 


T/R (245) These pins allow byte multiplexing, 

EN (245) organized by byte, Each byte may be 
directed to any other byte by setting 
SO, S1 in a binary fashion to select 
the stimulus. For this application: 
Sip=L SOp=L Bogselected at Bo 
S1p=L SOp=H By selected at Bo 


S1,=L S0;=L Bogselected at B, 
$1,;=L S0,;=H By; selected at By 


S12=H SOo=L Boselected at Bo 
Slo=H S03=H Byselected at By 


Select of active byte or latched byte 
not available. 


ADDRESS WORD 


DATA WORD 


TL/F/10979-13 
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LE8ZED 





Q3283T 


Application 3: DWORD (32-Bit) to WORD (16-Bit) to BYTE (8-Bit) Transfer 


Detailed Pin Description 


The following is a table that relates the pin names of the discrete implementation to the "ACTQ3283T. Also listed are the number 
of pins, the type of each pin and the function performed. 


*‘ACTQ3283T Discrete # of 
Symbol 5 eee Symbol Pins 
Ao-Az 


As-A15 
A16-A23 


Type Function 


/O © One of the two 32-bit busses — 
1/0 serviced by the ’ACTQ3283T. 
1/0 During transfer from A bus to 
1/0 B bus the signal associations 
are: 
Ao-A7 _—-Bo-B7 
Ag-Ai5 = Bg-Bi5 
Aie-Az23 Bi6-Bag3 
A24-A31 Ba4-Ba1 


A24~A3i 


One of the two 32-bit busses 
serviced by the ’ACTQ3283T. 
During transfer from B bus to 
A bus the signal associations 
are: 
Bo-B7 Ag~-A7 
Bg-Bi5 = Ag-A15 
Bie-B23  Are—Aag 
Boq-B31 Aa4-Aai 
Each BPAR pin should be tied 
to Voc through a suitable 
resistor if parity is not used. 





BPAR o-BPAR 3 BPAR p-BPAR3 


= 
oO 


GABp-GAB3 ENo-EN3 
DIRL 
DIRH 


A output enables. When this 
signal is low the data on the A 
side, latched or active will be 
output to the B side. Signal 
associations are: 

GABy Aop-A7 to Bo-B7 
GAB, Ag-Ais to Bg-By5 
GAB2 A16-Ag3 to Byg-Bag 
GAB3 Az4-A31 to Ba4-B31 


B output enables. When this 
signal is low the data on the B 
side, latched or active will be 
output to the A side. Signal 
associations are: 

B Bo-B7 to Ag-A7 

B Bg-Bis to Ag-Aji5 
GBA2 By¢g—Bz3 to Aie—Aa3 
GBA3 Ba4-Bg1 to Ag4—Ag1 


Will latch in the 32-bit A bus. 


Individual B byte latch enable. 
When in high state, B data is 
transparent and in low state B 
data is latched. 

LEBgo HorLl 

LEB; HorLl 

LEBo Horl 

LEB3s HorL 





LEA 
LEBo-LEB3 
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Application 3: DWORD (32-Bit) to WORD (16-Bit) to BYTE (8-Bit) Transfer 


(Continued) 


LE8ZED 


Detailed Pin Description (continued) 


"ACTQ3283T Discrete # of Type Function 
Symbol Symbol! Pins yP 


T/R (245) These pins allow byte multiplexing, 
EN, (245) organized by byte. Each byte may be 
EN» (245) directed to any other byte by setting 
EN (245) SO, S1 in a binary fashion to select 
the stimulus. For this application: 
Sig=L SO 9=L Agselected at Bo 
Bo selected at Ag 
Sip=L SO9=H Aj; selected at Bo 
Bj selected at Ap 
Sig=H SO9o=L Aogselected at Bo 
Bo selected at Ao 
Si9=H SO9=H Agselected at Bo 
Bg selected at Ag 


S1,=L S0;=L Aposelected at By 
Bo selected at Ay 
S1,;=L S0;=L Aj Selected at By 
Bz selected at Ay 
S1,=H S0;=H Agselected at By 
Bg selected at Ay 


S02=L Agselected at Bo 
Bo selected at Ao 
Az selected at Bo 


Bo selected at Ap 
Ag selected at Bg 
Bo selected at Ag 
’ A; selected at Bg 
By selected at Ag 
Ag selected at Bg 
Bg selected at Ag 
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Q3283T 


Application 3: DWORD (32-Bit) to WORD (16-Bit) to BYTE (8-Bit) Transfer. 


(Continued) 


Application 3: DWORD (32-Bit) to WORD (16-Bit) to BYTE (8-Bit) Transfer 


Ag47A34 


TL/F/10979-14 





Application 4: DWORD (32-Bit) to WORD (16-Bit) to BYTE (8-Bit) Transfer 
with Parity Generator (A to B)/Check (B to A) 


Detailed Pin Description 


The following is a table that relates the pin names of the discrete implementation to the ’ACTQ3283T. Also listed are the number 
of pins, the type of each pin and the function performed. 


*ACTQ3283T Discrete # of 
Symbol Symbol Pins 
Ao-A7 


As-A15 
Ai6~A23 


LE8ZEO 


Type , Function 


1/0 One of the two 32-bit busses 

1/0 serviced by the ’ACTQ3283T. 

1/0 During transfer from A bus to 

1/0 B bus the signal associations 
are: 


A24-Agi 


Ao-A7_ ~— Bo-B7 

Ag-Ai5s - Bg-Bi5 

Ate-Az23  B16~-Bag 

A24-A31_ Ba4-Bai 
One of the two 32-bit busses 
serviced by the ’ACTQ3283T. 
During transfer from B bus to 
A bus the signal associations 
are: 


BDoo-BDo7 
BDog-BD45 
BAgo-BAo7 
BAgog-BA45 


Bo-7 — Ao~7 

Be-15 9 Ag-15 

Big-23 A16-23 

Bo4-31 Az4-31 
When the A side data is 
received a parity bit is 
generated for each byte and 
output on the B bus when 
active. When data is input on 
the B bus the parity bit is an 
input which is checked against 
an internally generated parity 
bit. 





BPARp-BPARg BPARo-BPARg 


BPARo Byte 0 
BPAR; Byte 1 
BPAR>2 Byte 2 
BPAR3 Byte 3 


A output enables. When this 
signal is low the data on the A 
side, latched or active will be 
output to the B side. Signal 
associations are: 

ABg Ag-A7_ to Bo-B7 
GAB, Ag-Aig to Bg-Bis 
GAB2z Aie-Az3 to Byg—Ba3 
GAB3 Az4—-A31 to Bo4-Ba1 


B output enables. When this 
signal is low the data on the B 
side, latched or active will be 
output to the A side. Signal 
associations are: 
B Bo-B7 to Apo-A7 
B Bg-Bis5 to Ag—-Ais 
Big—Bag to Aig—Azs3 
Bo4-B31 to Azq-Aai 





8 
8 
8 
8 
8 
8 
8 
8 





pe 
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Q3283T 





















*ACTQ3283T Discrete 
Symbol — Symbol 

LEA . CPAB 

ERR32 

LEBp-LEB3 CPBAg 
CPBA, 
CPBA2 
CPBA3 

S09-S03 . T/R (245) 

S19-S13 EN, (245) 





Np (245) 
EN3 (245) 



























# of 
Pins 


Application 4: DWORD (32-Bit) to WORD (16-Bit) to BYTE (8-Bit) Transfer 
with Parity Generator (A to B)/Check (B to A) (Continued) | 


Detailed Pin Description (Continuea) 


Type 
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S14=L 


S14=H 





Function 


Will latch in the 32-bit A bus. 


Signal that indicates an error in one 
or more of the bytes. 


individual B byte latch enable. When 
in high state B data is transparent 
and when in low state B data is 
latched. 

LEBg Hork 

LEB, HorL 

LEBo HorLl 

LEB3 HorLl 


These pins allow byte multiplexing, 
organized by byte, Each byte may be 
directed to any other byte by setting 
SO, S1 in a binary fashion to select 
the stimulus. For this application: 
Sip=L SOQo=L Ag selected at Bo 
Bo selected at Ap 
A; selected at Bp 
B, selected at Ag 
Ag selected at Bo 
Bo selected at Ag 
Ag selected at Bo 
Bg selected at Ap 


Sig=L SO 9=H 


S19p=H S0=L 


S19=H SOg=H 


S1,;=L S0;=L Apgselected at B, 
Bo selected at A; 
A; selected at By 
B, selected at Ay 
Ag selected at By 


Bg selected at Ay 


S0;=L 


-$0,=H 


Sto=L Ao selected at Bo 
Bo selected at Ao 
Ao selected at Bo 
Bo selected at Ao 
Ao selected at Bg 
Bo selected at Ag 
A; selected at B3 
By selected at Ag 
Ag selected at Bg 
Bg selected at Ag 


S02=L 
Sto=L S0.=L 
S1g=L S03=L 
S15=L S03=H 


Sig=H S0O3=H 


Application 4: DWORD (32-Bit) to WORD (16-Bit) to BYTE (8-Bit) Transfer 
with Parity Generator (A to B)/Check (B to A) (Continueg) 


LE8ZEO 


Application 4: DWORD to WORD to BYTE Transfer with Parity 


74MR9245 74MR9245 


7 
| 7 


a ie 
LEBy 


TL/F/10979-15 
/ = 1 byte 
\= 1 byte + 1 parity bit 
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74FR900 


ZA National | 


Semiconductor 


74FR900 


9-Bit, 3-Port Latchable Datapath Multiplexer 


General Description . 
The ’FR900 is a data bus multiplexer routing any of three 9- 


bit ports to any other one of the three ports. Readback of — 


data latched from any port onto itself is also possible. The 
*FR900 maintains separate control of all latch-enable, out- 
put enable and select inputs for maximum flexibility. PINV 
allows inversion of the data from the Cg to Ag or Bg path. 
This is useful for contro! of the parity bit in systems diagnos- 
tics. 


National’s 74FR25900 includes 250 resistors in series with 
port A and B outputs. Resistors minimize undershoot and 
ringing which may damage or corrupt sensitive device inputs 
driven by these ports. 


Ordering Code: see Section 11 


Logic Symbol 


Sp Sj OEy OFg Of, 


TL/F/10990-1 


Features . 

™ 9-bit data ports for systems carrying parity bits 

mw Readback capability for system self checks. 

mw Independent control lines for maximum flexibility 

m Guaranteed multiple output switching and 250 pF load 
delays 

m= Outputs optimized for dynamic bus drive capability 

m PINV. parity control facilitates system diagnostics 

m FR25900 resistor option for driving MOS inputs such as 
DRAM arrays 

m Guaranteed 4000V ESD protection 


_ Connection Diagram 


1 
2 
3 
4 
5 
6 
7 
8 
9 


TL/F/10990-2 
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Pin Description 


| PinNames | Description 


Latch Enable Inputs 

Output Enable inputs 

Parity Invert Input 

Select Inputs 

Port A Inputs or TRI-STATE® Outputs 
Port B Inputs or TRI-STATE® Outputs 
Port C Inputs or TRI-STATE® Outputs 


006H4PZ 


TL/F/10990-3 
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74FR900 


Functional Description 


The ’FR900 allows 9-bit data to be transferred from any of 
three 9-bit 1/O ports to either of the two remaining I/O ports. 
The device employs latches in all paths for either transpar- 
ent or synchronous operation. Readback capability from any 
port to itself is also possible. 


Data transfer within the ’FR900 is controlled through use of 
the select (Sg and S) and output-enable (OE,, OEg and 
OEc) inputs as described in Table |. Additional control is 
available by use of the latch-enable inputs (CEAC, LECA, 
LEBC, LECB) allowing either synchronous or transparent 
transfers (see Table Il). Table | indicates several readback 
conditions. By latching data on a given port and initiating the 
readback control configuration, previous data may be read 
for system verification or diagnostics. This mode may be 
useful in implementing system diagnostics. 





Table |. Datapath Control 


So_$i OE, OEs | _feeton 


Port A to Port C 

Port A to Port B 
PortAtoB+C 

Port B to PortA 

Port B to Port C 
PortB toA+C 

Port C to Port A 

Port C to Port B 
PortC toA+B 
Outputs Disabled 
(Readback to A)* 
(Readback to A or C)* 
(Readback to B)* 
(Readback to B or C)* 


ml 
mi 


TreitiexKTrTTrTTOKrOr xXx 
Po iP ol IRA Fem! OR ea CON eZ aed SG peed DO 
cd aol le ed 
TxKO-K TEE IRMr reir 


L 
L 
L 
H 
H 
H 
X 
X 
X 
X 
L 
L 
H 
H 





*Readback operation in latched mode only. Transparent operation could ~ 


result in unpredictable results. 


Data at the port to be readback must be latched prior to 
enabling the outputs.on that port. If this is not done, a 
closed data loop will result causing possible data integrity 
problems. Note that the A and B ports allow readback with- 
out affecting any other port. Port C, however, requires inter- 
ruption of either port A or B to complete its readback path. 
PINV controls inversion of the Cg bit. A low on PINV allows 
Cg data to pass unaltered. A high causes inversion of the 
data. See Table Ill. This feature allows forcing of parity er- 
rors for use in system diagnostics. This is particularly helpful 
in Intel 486 processor designs as the ’486 does nct provide 
odd/even parity selection internally. 


Table II. Latch-Enable Control! 


LEXX Input | Output | 
L 
H 
Qo 


L L 
L H 
H X 


Table Ill. PINV Control 








Key: 

L = Low Voltage 

H = High Voltage Level 

Qo = Output state prior to LEXX fow to high transition 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
_ Junction Temperature under Bias 
Plastic 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in High State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 


—55°C to + 150°C 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter 


Vin Input High Voltage 


VIL Input Low Voltage 


Vcp Input Clamp Diode Voltage 


’ Vou Output High Voltage 


VoL Output Low Voltage 


lH Input High Current 


Input High Current 
Breakdown Test 


IBvI 


Input High Current 
Breakdown Test (I/O) 


Input Low Current 


Input Leakage Test 
Output Circuit Leakage Test 


lin + lozy Output Leakage Current 


lit + loze Output Leakage Current 
Output Short Circuit Current 


Output High Leakage Current 


los 

IcEX 
|z7z Bus Drainage Test 
ICCH Power Supply Current 


locL Power Supply Current 


Iccz Power Supply Current 


*2 ports active only 


74FR 


Typ 


170 
147 


6-31 


Current Applied to Output . 
in Low State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1; Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Commercial 

Supply Voltage 
Commercial 


0°C to + 70°C 


+4.5V to + 5.5V 


Conditions 


Recognized High Signa! 
Recognized Low Signal 

lin = —18mA 

lon = —3mA (Ap, Bn; Cr) 
—15 mA (Ap, Ba, Cp) 
lo. = 24 mA (Ap, Bp, Cp) 
Vin = 2.7V (Control Inputs) 
Vin = 7.0V (Control Inputs) 


lon = 


Vin = 5.5V (An, Bn, Cr) 


Vin = 0.5V (Control Inputs) 


lip = 1.9 pA, All Other Pins 
Grounded 


Viop = 150 mV, All Other 
Pins Grounded 


Vout =2.7V (An, Bn Cn) 
Vout = 0.5V (An, Bn, Cn) 
Vout = 9.0V (An, Bn, Cn) 
Vout = Voc (An: Bn: Cn) 
Vout = 5.25V (An, Bn; Cr) 
All Outputs High* 

Ail Outputs Low* 

Outputs in TRI-STATE 


eats! 
paies 
Le 
| 5 | BA 
ar 
er 
| =150 | HA 
pees 
om [9 
| 25 | pA 
| -150 | BA 
| =225 | m 
| 50 | 
| 100 | pA 
| 160 | om 
| 200 | im 


A 
A 
A 


|175_| ma 
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AC Electrical Characteristics: sce Section 8 for waveforms and load configurations 


: Ta = +25°C 
Parameter Veco = +5.0V 


tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


{tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tezH 
tpZL 


tpHz 
tpLz 


tPZH 
tpzL 


tpHz 
tpLz 


Propagation Delay 
An orBrntoCr, | 
Cy, to ant or ai 


Propagation Delay 
An to Bp; Bry to An 


Propagation Delay 
LEAC to C,, LEBC toC,, 


Propagation Delay 
LECA to A,, LECB to B, 


Propagation Delay 

So to Ch 

Propagation Delay 

S; to A, or Bn 3.5 11.0 11.0 
Propagation Delay 

PINV to Ag or Bg 

Output Enable Time 

An: Ch ce 


Output Disable Time 
An: Ch 


Output Enable Time 
Ba 
i Disable Time 


Ta = +25°C 
Vec = +5.0V: 


Setup Time, High or Low 
An to LEAG, B, to LEBC 


Hold Time, High or Low 
Ap to LEAC, B, to LEBC 
Setup Time, High or Low 
Cp, to LECA or LECB 


Hold Time, High or Low 
C, to LECA or LECB 


TE Pulse Width Low | 80 | 
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Extended AC Electrical Characteristics: see Section 8 for waveforms and load configurations 


ee 


Ta = Comm 
Vcc = Comm 
Parameter C. = 50 pF 
Nine Outputs Switching 
(Note 1) 


o06usP2Z 


Ta = Comm 

Vcc = Comm 

Cy, = 250 pF 
(Note 2) 





tpLH Propagation Delay 
tPHL An or Bn to Ch 2.5 10.5 
Cy to Ap, or By 
tPLH Propagation Delay 
teHL Cg to Ag or Bg (PINV High) Ne bai ie 
12.0 13.5 


teLH Propagation Delay 
tPHL An to Br; Bn to An 
tPLH Propagation Delay 


teHL LEAC to C,, LEBE to C, 


teLH Propagation Delay 
tepHL CECA to Ap, LECB to By 


tpLH Propagation Delay 

tPHL cs iid 
tpLH Propagation Delay 

tpHL S1 to Ap, or By 

tpLH Propagation Delay 

tPHL PINV to Ag or Bg 


tpzH Output Enable Time 
tezi An: Cn 


tpHz Output Disable Time 
tpLz An: Cn 


= [=e pe 
tpZL 
= i te 
tpLz 


Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase, i.e., all low-to-high, high-to- 
low, TRI-STATE-to-high, etc. 

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors 
standard AC load. This specification pertains to single output switching only. 


Note: N.A. = Not Applicable 
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74FR25900 


2 Nt 


Semiconductor 
74FR25900 


9-Bit, 3-Port Latchable Datapath Multiplexer 
with 250 Output Series Resistors 


General Description 


The ’FR25900 is a data bus multiplexer routing any of three 
9-bit ports to any other one of the three ports. Readback of 
data latched from any port onto itself is also possible. The 
’FR25900 maintains separate contro! of all latch-enable, 
output enable and select inputs for maximum flexibility. 
PINV allows inversion of the data from the Cg to Ag or Bg 
path. This is useful for control of the Parity bit in systems 
diagnostics. 

This device includes 250 resistors in series with port A and 
B outputs. Resistors minimize undershoot and ringing which 
may damage or corrupt sensitive device inpuc: driven by 
these ports. 


Ordering Code: See Section 11 


Logic Symbol 


Sp S; OE, Of OE 


LEAC LEBC .LECA  LECB ..., 


TL/F/11500-1 


Features 

m 252 series resistors in the port. A and B outputs elimi- 
nate the need for external resistors when driving MOS 
inputs such as DRAM arrays 

™ 9-bit data ports for systems carrying parity bits 

m Readback capability for system self checks. — 

Independent control lines for maximum flexibility 

m Guaranteed multiple output switching and 250 pF load 
delays 

w Outputs optimized for dynamic bus drive capability 

g PINV parity contro! facilitates system diagnostics 

m= 'FR900 option available without output series resistors 


Connection Diagram 


oon nn &® Ww DB —~ 


TL/E/11500-2. 
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Pin Description 


Description 


Latch Enable Inputs 

Output Enable Inputs 

Parity Invert Input 

Select Inputs 

Port A Inputs or TRI-STATE® Outputs 
Port B Inputs or TRI-STATE® Outputs 
Port C Inputs or TRI-STATE® Outputs 


O06SeuAPZ 


Logic Diagram 


TL/F/11500-3 


Schematic of A and B Port Outputs 


Voc 





TL/F/11500-4 
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74FR25900 


Functional Description 


The ’FR25900 allows 9-bit data to be transferred from any 
of three 9-bit I/O ports to either of the two remaining I/O 
ports. The device employs latches in al! paths for either 
transparent or synchronous operation. Readback capability 
from any port to itself is also possible. 


Data transfer within the ’FR25900 is controlled through use 
of the select (Sg and S;) and output-enable (OE,, OEg and 
OEc) inputs as described in Table |. Additional control is 
available by use of the latch-enable inputs (LEAC, LECA, 
LEBC, CECB) allowing either synchronous or transparent 
transfers (see Table Il). Table | indicates several readback 
conditions. By latching data on a given port and initiating the 
readback control configuration, previous data may be read 
for system verification or diagnostics. This mode may be 
useful in implementing system diagnostics. 


Table I. Datapath Control 


So_ $1 OE, Op OEc fenton | 


. Port A to PortC 
Port A to Port B 


PortAtoB+C ~ 
Port B to PortA 


Port B to Port C 
PortB toA+C 
Port C to PortA 
Port C to Port B 
PortC toA+B 
Outputs Disabled 


(Readback to A)* 

(Readback to A or C)* 
_ (Readback to B)* 

(Readback to B or C)* 


tirexxxxtrreer 
EAE ee ee Ore oa 
yA Deal mse? Sl ea eR Oa 
TIxxr Tiree er roir 
Per hana rr ee ar 





*Readback operation in latched mode only. Transparent operation could ° 


result in unpredictable results. 


Data at the port to be readback must be latched prior to 
enabling the outputs on that port. If this is not done, a 
closed data loop will result causing possible data integrity 
problems. Note that the A and B ports allow readback with- 
out affecting any other port. Port C, however, requires inter- 
ruption of either port A or B to complete its readback path. 
PINV controls inversion of the Cg bit. A low on PINV allows 
Cg data to pass unaltered. A high causes inversion of the 
data. See Table Ill. This feature allows forcing of parity er- 
rors for use in system diagnostics. This is particularly helpful 
in Intel ’486 processor designs as the ’486 does not provide 
odd/even parity selection internally. 


Table II. Latch-Enable Control 
LEXX Input 
L L 


L = Low Voltage 
H = High Voltage Level 
Qo = Output state prior to LEXX low to high transition 





Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias 
Plastic 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in High State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 


—55°C to + 150°C 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical ce eee 


Parameter 


Input High Voltage 
Input Low Voltage 
Input Clamp Diode Voltage 


Output High Voltage 


Output Low Voltage 


Symbol 


ViH 
VIL 
Vcp 
VoH 





Input High Current ne a BE a 
Input High Current 7 iia 
Breakdown Test 
Input High Current 
Breakdown Test ec ae O) 
a 


hn + loz acme oe aca 
in. + loz siete —[—[ [saa 


| InputLow Current = Low Current 


Output Short Circuit Current 


los 
IcEx 


looz 


*2 ports active only 


I2z 
IocH 
loci 


| Outputtigh Leakage Curent | || s0_| 
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Current Applied to Output 
in Low State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 2000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Commercial 

Supply Voltage 
Commercial 


0°c to + 70°C 


+ 4.5V to +5.5V 


Conditions 


Recognized High Signal 
Recognized Low Signal 

lin = —18mA 

lon = —3 mA (Ap, Bn, Cp) 
lon = —15 MA (Ap, Br, Cp) 
lor = 1 MA (An, Bn) 

lot = 12 mA (Ap, Bn) 

lo = 24 mA (Cp) 

Vin = 2.7V (Control Inputs) 
Vin = 7.0V (Control Inputs) 


VIN = 5.5V (An, Bn, Cp) 


lip = 1.9 pA, All Other Pins 
Grounded 


Viop = 150 mV, All Other 
Pins Grounded 


Vout =2.7V (Ap; Br; Cy) 
Vout = 0.5V (Ap, Br, Cr) | 
Vout = 0.0V (An, Bn, Gp) 
Vout = Vec (An: Bn; Cn) 
Vout = 5.25V (An, Bn; Cr) 
All Outputs High* 

All Outputs Low* 

Outputs in TRI-STATE 





Vin = 0.5V (Controi Inputs)’ 


006S2uH4P2 
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| AC Electrical Characteristics: see Section 2 for waveforms and load configurations 


' 74FR 74FR 


Ta = +25°C 
Parameter Vec = +5.0V 
C_ = 50 pF 


| min | tye | Max | Min | Max _| 


tPLH Propagation Delay 
tPHL An or Bp to Cy 47 75 75 
Cp to Ap or Bn ; 
tPLH Propagation Delay a 

tPHL "Cg to Ag or Bg (PINV High) 

tPLH Propagation Delay 

tPHL An to Bp, Br to An 


tpLH Propagation Delay 
tPHL LEAC to Cp, LEBC to Cy, 


tPLH Propagation Delay 
tpHL LECA to Ap, LEC to B, 


tPLH Propagation Delay 

tPHL iad bai 

tPLH Propagation Delay 

tepHL $1 to Ap or Br 

tpLH Propagation Delay 

tPHL PINV to Ag or Bg 

tpzH Output Enable Time 15 
tezL Ch 





tpHz Output Disable Time 40 | eo 15 
tpLz Ch 

tezL An Bn ; 

tpLz An: Bn 


AC Operating Requirements: see Section 2 for waveforms and load configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
oe = 50 es 


Setup Time, High or Low 

An to LEAC, B, to LEBC 

Hold Time, High or Low “1.0 

An to CEAC, B, to LEBC : 

Setup Time, High or Low 1.0 
C, to LECA or LECB : 
Hold Time, High or Low 

C, to LECA or LECB 


ee ee Te Te 
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Extended AC Electrical Characteristics: sce Section 2 for waveforms and load configurations 


74FR 74FR 
n= Som Ta = Comm 
| vec = vomm Vec = Comm 
Symbol Parameter : C_ = 50 pF cc 
Ci = 250 pF 
Nine Outputs Switching (Note 2) 
(Note 1) 


tpLH Propagation Delay _ 
tPHL An OF Bp to Crh 
Cr to A, or By 
tPLH Propagation Delay 

tpHL Cg to Ag or Bg (PINV High) 

tPLH fa mecaes Delay 

tPHL n to Bn, By to Ap, 

tpLH Propagation Delay 

tpHL LEAC to C,, LEBC to C,, 


006S2u4r2 


12.5 





tPLH Ae ste 


tpLH Propagation Delay 
tPHL So to Cp 


tpLH Propagation Delay 
teHe S1 to Ap, or Bry 


tPLH Propagation Delay aoa ae 
tPHL PINV to Ag or Bg 

tpzH a Enable Time a 
tezi 
tpHz on Disable Time Linch 
tpLz 


tpzH pina Enable Time 
tpz An, Ba 


tpHz Output Disable Time 
tpLz An Bn 

Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase, i.e., all low-to-high, high-to- 
low, TRI-STATE-to-high, etc. 


Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors 
standard AC load. This specification pertains to single output switching only. 


Note: N.A. = Not Applicable 
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Section 7 
BCT Description and 
Family Characteristics 





Section 7 Contents 


Introduction to National’s BiCMOS 
BCT Minimizes Power Consumption While Improving Performance 
More Specifications for Tighter System Timing 
Typical Circuits 
Competitive Solution Comparison 
Guarantees for Power Down and Hot Insertion 
' Using National’s Complimentary High-Performance Bus Logic Families 
BCT Features and Benefits 





ZANational 


Semiconductor 


BCT Description and Family Characteristics 


National now offers BCT BiCMOS logic for bus driving and 
interfacing in the highest performance systems. 


The role of logic is evolving. In traditional logic families, hun- 
dreds of SSI/MSI/LSI building block functions enabled en- 
gineers to design entire computers from discrete logic ICs. 
Dramatic technological breakthroughs are changing this en- 
vironment. Many system designs have migrated from imple- 
mentations based on general purpose logic to VLSI-based 
ASICs and dedicated-function VLSI, shifting the role of logic 
toward bus and timing support functions. 


With greater emphasis on bus interface functions (such as 
buffers, transceivers, and clock drivers), system designers 
require the ability and flexibility to select logic products that 
provide the appropriate speed, power, noise, reliability, sup- 
ply assurance, and cost that’s best for the task at hand. 
System designers often use a combination of several logic 
families that will contribute the best set of characteristics for 
optimum system performance. In other instances, logic de- 
vices are being designed for circuit functions that are not 
efficiently performed by larger VLSI components. 


For highest performance applications (30 MHz to 66 MHz 
range), National’s new BCT logic together with FASTr™ 
(see note) fill the need for faster and more effective bus- 
' interface functions. Offering very high speed, BCT is recom- 
mended where lower system power takes precedence over 
speed. FASTr is particularly attractive in applications where 
absolute speed is the primary concern. Complimentary tech- 
nologies, the combination is ideal for high-performance bus 
and clock distribution applications in personal/desktop 
computers, PC LAN servers, PC peripherals, workstations, 
telecommunication switches/multiplexers, fiber optic equip- 
ment, and automatic test equipment (ATE). 


BCT Minimizes Power 
Consumption While Improving 


Performance 


While National’s BCT line of BiCMOS logic is pin and func- 
tionally compatible with the competitive BCT line, it also of- 
fers the added features of lower power consumption as well 
as a number of additional guaranteed specifications. As 
shown below, competitive BCT products consume more 
power than NSC’s BCT. 


With a source-current capability of 15 mA and a sink-current 
capability of 64 mA, BCT devices are designed for driving 
heavily loaded busses. 


More Specifications for Tighter 
System Timing 


NSC guarantees more AC specifications than competitive’ 


BCT products, including multiple output switching (MOS) de- 
lay, 250 pF AC delay, and output skew. All are key in helping 


Worst-Case Power Consumption Comparison: 
Natlional’s 'BCT240 vs. Competitive ’BCT240 


Parameter | National’sBCT | Competitive BCT 
(Guaranteed) (Guaranteed) 


Note: NSC’s FASTr logic is an enhanced version of FAST®. FASTr is the 
highest speed bus driving/interfacing TTL logic. 


Guaranteed National 74BCT240 Specifications 
(Voc = 4.5V to 5.5V) 


Data to Outputs 
TPLH 0.5 ns to 5.6 ns 
TPHL 0.4 ns to 4.0 ns 


Output Enable Time 
TpZH 1.0 ns to 8.8 ns 
TpzL 1.0 ns to 10.5 ns 


Output Disable Time 
TpHz 1.0 ns to 8.1 ns 
TPLZ 1.0ns to 9.5 ns 


Power Supply Current 
IocH 18mA 
loc. 69 mA 
locz 9mA 


system designers tighten timing guardbands. Using tnese 
guaranteed values rather than ru/e of thumb, designers ob- 
tain greater precision in the propagation delay budget. 

Because systems are requiring ever increasing clock rates, 
National offers BCT devices with a guaranteed output skew 
specifications. Devices having tight skew specifications im- 


prove timing efficiency in critical timing paths such as those . 


for clock distribution. Many of National’s advanced logic de- 
vices guarantee less than 1 ns critical path output skew. 
(See Figure 7 for typical BCT input and output circuits.) 


Beyond use in new system designs, BCT logic is ideal in 
bipolar-based systems that have marginal power problems. 
Replacing the bipolar logic with BCT may resolve existing 
power issues (refer to Figure 2). BCT logic offers system 
advantages where: 


© Typical propagation delays of 2 ns—3 ns are required 
e Power is a concern 

e Percentage of TRI-STATE® times are high 

¢ Low noise levels are major criteria 

e Where hot insertion may be an issue 
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BCT Description and Family Characteristics 


More Specifications for Tighter System Timing (Continuea) 


Typical Input Circuit Typical Output Circuit 
Yee 


Enable ——_—_—_———4 


Enable | ; 


To Output 
Stage 


Input 


Enable 


TL/F/11572-1 


Note: These diagrams represent typical input/output circuits and do not necessarily model the entire actual circuits. 


_ FIGURE 1. Typical BiCMOS Circuits 


ADD-ON ADD-ON 
BOARD BOARD 


XX244 XX244 


MOTHER 
BOARD 


mm Ph KK XK 
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FIGURE 2. National’s BCT Devices Compare Favorably with Competitive Solutions 
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Guarantees for Power Down and 
Hot Insertion 


Power down and hot insertion are areas of logic design that 
are receiving added attention. 

National’s BCT guarantees high impedance when powered 
down (specified by lzz). This specification guarantees that a 
TRI-STATE device will not load down a bus to which it is 
attached when powered down—a very important considera- 
tion in applications where power is a concern. 


NSC 74BCT240 Compared With the Competition 


DC Guaranteed 
Parameter by NSC 


Guaranteed | 
by Competition 


Improvements: 


solswayoeseyy Ajime4 pue uoldioseg 19g 


"  31mA 
71mA 


18mMA . 
69 mA 


ICCH 
IocL 


le 
—1mA 


50 pA 
—50 pA 


—250 1A 
20 pA 

loz —20 pA 

Additional Specifications: 


100 nA 
4.75V 


500 mA 
Electrostatic 4,000V 
Discharge (10,000V typical) 


For example, laptops often use a sleep mode for power 
conservation. If a device does not have high impedance ina 
powered down situation, sleep mode can only occur by 
stopping the clock. Both NSC’s BCT and FASTr guarantee 
high impedance in power down. By nature of their technolo- 
gy, products with CMOS inputs or outputs have difficulties 
with high impedance in power down capability. 

Also featured with BCT and FASTr logic families is hot inser- 
tion capability. This allows boards to be pulled from or in- 
serted into systems that are powered up. 


lO0ZH 


a 

= 

> 

to 

ro) 
iBbes 


copa | 


National’s BCT Vip specification guarantees that a high re- 
sistance short will not occur across the input diode. This 
specification combined with guaranteed ESD and latchup 
protection indicate NSC’s BCT hot insertion capability. De- 
vices with CMOS inputs or outputs have difficulty with hot 
insertion capability. As with power down, hot insertion is 
more familiar to designers of bipolar systems than those 
designing CMOS systems. 


National is the only BiCMOS logic supplier to guarantee 
both high impedance in power down and hot insertion capa- 
bility reliability features. 

To further enhance this hot insertion capability, National's 
BCT and FASTr products guarantee extremely high ESD 
and latchup specifications, enabling these devics to tolerate 
high voltages and current transients on all pins. 


Using National’s Complimentary 
High-Performance Bus Logic 


Families 


BCT and FASTr fill the need for the faster bus-interface 
functions required by many of today’s most demanding ap- 
plications. Implemented on different silicon technologies 
(BiCMOS and bipolar), their power and noise attributes de- 
fine their market applications. 


e BCT is best suited where very high performance is re- 
quired and active duty cycles are relatively low. Most of 
today’s high-performance data buses for non-portable 
equipment are excellent candidates. An application with 
a lower enable duty cycle can realize substantial power 
savings by using BCT, such as a data bus to main memo- 
ry. Designers who need to minimize their system's noise 
sensitivity—ground bounce, undershoot, ringing, cross- 
talk—and require fast switching speed at the interface 
would choose BCT logic. 


FASTr and BCT compliment each other as part of a total 
system solution. Both lines consist of logic functions that 
interface high-performance buses. Their TTL I/O charac- 
teristics closely match one another. Process technology 
and circuit design are similar. The two product types can 
sit side by side on a Circuit board, enabling optimum 
speed/power performance. (Refer to Figure 3: FASTr 
and BCT Used Together to Optimize a Cache Mother- 
board.) me 








BCT Description and Family Characteristics 


‘Using National’s Complimentary High-Performance Bus Logic Families 


(Continued) 
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FIGURE 3. FASTr and BCT Used Together to Optimize a Cache Motherboard 


BCT Features and Benefits 


FEATURE 


8-bit products are pin-for-pin compatible (function, part num- 
ber, pinout) with standard 74 input/output logic levels 


Drop-in replacement for T! BCT 
Guaranteed specifications for: 
© Pin-to-pin skew; 50 pF multiple output switching 
Tpp = 8 outputs switching 
_ Tpp = 250 pF capacitive load 
¢ ESD immunity (4,000V minimum)* 
¢ Latchup immunity 
Very high speed 
Power dissipation less than FAST; noise performance simi- 
lar to FAST 


Available in PDIP and SOIC 
*Note: ESD 2,000 minimum for 'BCT125 and ’BCT573. 


BENEFITS 


Allows easy upgrades in existing designs; designers are fully 
accustomed with nomenclature for easy design 


Second source with additional specifications 


System designers have added tools to get the most from 
their high-performance designs 


Higher incoming PPM quality parts; reduces walking wound- 
ed for less field failures; increases quality and reliability 


Minimum delay degradation in capacitive and transmission 
line environments; reduces noise and optimizes perform- 
ance 


Allows higher preformance systems 
Even lower power for power-sensitive applications 
Industry-standard packaging 
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BiCMOS Ratings, Specifications and Waveforms 


Glossary 

Currents—Positive current is defined as conventional cur- 
rent flow into a device. Negative current is defined as con- 
ventional current flow out of a device. All current limits are 
specifed as absolute values. 


Icc Supply Current—The current flowing into the Voc sup- 
ply terminal of a circuit with the specified input conditions 
and the outputs open. When not specified, input conditions 
are chosen to guarantee worst-case operation. 


li, Input HIGH Current—The current flowing into an input 
when a specified HIGH voltage is applied. 


tit Input LOW Current—The current flowing out of an input 
when a specified LOW voltage is applied. 


lon Output HIGH Current—The current flowing out of the 
output when it is in the HIGH state. For a turned-off open- 
collector output with a specified HIGH output voltage ap- 
plied, the Io is the leakage current. 


lo. Output LOW Current—The current flowing into an out- 
put when it is in the LOW state. 


los Output Short Circult Current—The current flowing out 
of a HIGH-state output when that output is short circuited to 
ground (or other specified potential). 


lozH Output OFF Current HIGH—The current flowing into 
a disabled TRI-STATE® output with a specified HIGH output 
voltage applied. 


loz. Output OFF Current LOW—The current flowing out of 
a disabled TRI-STATE output with a specified LOW output 
voltage applied. 


Voltages—All voltages are referenced to the ground pin. 
Negative voltage limits are specified as absolute values (i.e., 
—10.0V is greater than —1.0V). 


Vcc Supply Voltage—The range of power supply voltage 
over which the device is guaranteed to operate within the 
specified limits. 

Vcp (Max) Input Clamp Diode Voltage—The most. nega- 
tive voltage at an input when a specified current is forced 
out of that input terminal. This parameter guarantees the 
integrity of the input diode, intended to clamp negative ring- 
ing at the input terminal. ; 
Vin Input HIGH Voltage—The range of input voltages that 
represents a logic HIGH in the system. 

Vin (Min) Minimum Input HIGH Voltage—The minimum 
allowed input HIGH in a logic system. This value represents 
the guaranteed input HIGH threshold for the device. 

Vit Input LOW Volitage—The range of input voltages that 
represent a logic LOW in the system 

Vit (Max) Maximum Input LOW Voltage—The maximum 
allowed input LOW in a system. This value represents the 
guaranteed input LOW threshold for the device. 


Von (Min) Output HIGH Voltage—The minimum voltage at 
an output terminal for the specified output current loy and 
at the minimum value of Vcc. 


Voi (Max) Output LOW Voltage—The maximum voltage 
at an output terminal sinking the maximum specified load 
current Io;. 


AC Switching Parameters 


fmax Toggle Frequency/Operating Frequency—The 
maximum rate at which clock pulses may be applied to a 
sequential circuit. Above this frequency the device may 
cease to function. 


tp_y Propagation Delay Time—The time between the 
specified reference points, normally 1.5V on the input and 
output voltage waveforms, with the output changing from 
the defined LOW level to the defined HIGH level. 


tpy_ Propagation Delay Time—The time between the 
specified reference points, normally 1.5V on the input and 
output voltage waveforms, with the output changing from 
the defined HIGH level to the defined LOW level. 


ty Pulse Width—The time between 1.5V amplitude points 
on the leading and trailing edges of a pulse. 


th Hold Time—The interval immediately following the active 
transition of the timing pulse (usually the clock pulse) of 
following the transition of the contro! input to its latching 
level, during which interval the data to be recognized must 
be maintained at the input to ensure its continued recogni- 
tion. A negative hold time indicates that the correct logic 
level may be released prior to the active transition of the 
timing pulse and still be recognized. 


ts Setup Time—The interval immediately preceding the ac- 
tive transition of the timing pulse (usually the clock pulse) or 
preceding the transition of the control input to its latching 
level, during which interval the data to be recognized must 
be maintained at the input to ensure its recognition. A nega- 
tive setup time indicates that the correct logic level may be 
initiated sometime after the active transition of the timing 
pulse and still be recognized. 


tpyz Output Disable Time (of a TRI-STATE Output) from 
HIGH Level—The time between the 1.5V level on the input 
and a voltage 0.3V below the steady state output HIGH lev- 
el with the TRI-STATE output changing from the defined 
HIGH level to a high impedance (OFF) state. 

tp_z Output Disable Time (of a TRI-STATE Output) from 
LOW Level—The time between the 1.5V level on the input 
and a voltage 0.3V above the steady state output LOW level 
with the TRI-STATE output changing from the defined LOW 
level to a high impedance (OFF) state. 
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AC Switching Parameter (continued) 


tpzy Output Enable Time (of a TRI-STATE Output) to a 
HIGH Level—The time between the 1.5V levels of the input 


‘and output voltage waveforms with the TRI-STATE output 


changing from a high impedance (OFF) state to a HIGH 
level. 

tpz_ Output Enable Time (of a TRI-STATE Output) to a 
LOW Level—The time between the 1.5V levels of the input 
and output voltage waveforms with the TRI-STATE output 
changing from a high impedance (OFF) state to a LOW lev- 
el. 


AC Loading and Waveforms 


Figure 1 shows the AC loading circuit used in characterizing 


and specifying propagation delays of all BCT devices, un- 
less otherwise specified in the data sheet of a specific de- 
vice. The use of this load, which differs somewhat from pre- 
vious practice, provides more meaningful information and 
minimizes problems of instrumentation and customer correl- 
ation. In the past, + 25°C propagation delays for TTL devic- 
es were specified with a load of 15 pF to ground; this re- 
quired great care in building test jigs to minimize stray ca- 
pacitance, and implied the use of high impedance, high fre- 
quency scope probes. BCT circuits changed to 50 pF of 
capacitance allowing more leeway in stray capacitance and 
also loading the device during rising or falling output tran- 
sitions. This more closely resembles the loading to be ex- 
pected in average applications and thus gives the designer 
more useful delay figures. The net effect of the change in 
AC load is to increase the observed propagation delay by an 
average of about 1 ns. 


The 5002 resistor to ground, in Figure 7, acts as a ballast, 


to slightly load the totem-pole pull-up and limit the quiescent 
HIGH-state voltage to about +3.5V. Otherwise, an output 
would rise quickly to about +3.5V but then continue to rise 
very slowly to about + 4.4V. On the subsequent HIGH-to- 
LOW transition the observed tpy_ would vary slightly with 
duty cycle, depending on how long the output voltage was 
allowed to rise before switching to the LOW state. Perhaps 
more importantly, the 5002 resistor to ground can be a high 
frequency passive probe for a sampling scope, which costs 


much less than the equivalent high impedance probe. Alter- 


natively, the 500 load to ground can simply be a 4500 
resistor feeding into a 500 coaxial cable leading to a sam- 
pling scope input connector, with the internal 5029 termina- 
tion of the scope completing the path to ground. Note that 
with this scheme there should be a matching cable from the 
device input pin to the other input of the sampling scope; 
this also serves as a 502 termination for the pulse genera- 
tor that supplies the input signal. 


Also shown in Figure 7 is a second 5000. resistor from the 
device output to a switch. For most measurements this 
switch is open; it is closed for measuring a device with 
open-collector outputs and for measuring one set of the En- 
able/Disable parameters (LOW-to-OFF and OFF-to-LOW) 
of a TRI-STATE output. With the switch closed, the pair of 
5002 resistors and the +7.0V supply establish a quiescent 
HIGH level of +3.5V, which correlates with the HIGH level 
discussed in the preceding paragraph. 


Figure 5 shows that the Disable times are measured at the 
point where the output voltage has risen or fallen by 0.3V 
from the quiescent level (i.e., LOW for tp_z or HIGH for 
tpyz), compared to a AV of 0.5V used in previous practice. 
This change enhances the repeatability of measurements 
and gives the system designer more realistic delay times to 
use in calculating minimum cycle times. Since the rising or 
falling waveform is RC-controlled, the first 0.3V of change is 
more linear than the first 0.5V and is less susceptible to 
external influences. More importantly, perhaps, from the 
system designer's point of view, a AV of 0.3V is adequate to 
ensure that a device output has turned OFF; measuring to a 


‘AV of 0.5V merely exaggerates the apparent Disable time 


and thus penalizes system performance, since the designer 
must use the Enable and Disable times to devise worst-case 
timing signals to ensure that the output of one device is 
disabled before that of another device is enabled. 


Figure 2 describes the input signa! voltages recommended 
for use when testing BCT circuits. The AC input signal levels 
follow industry convention of Vij switching 0 to 3 volts. DC 
low input levels are typically 0 to Vj, and high input levels 
are typically Vi to Vcc. Input thresholds are guaranteed 
during Vo_ and Voy tests. High level noise immunity is the 
difference between Voy and Vip. Low level noise immunity 
is the difference between Vj_ and Vo_. Noise-free Viy or Vit 
levels should not induce a switch on the appropriate output 
of the BCT device. When testing in an automatic test envi- 
ronment, extreme caution should be taken to ensure that 
input levels plus noise do not go into the transition region. 


Good high frequency wiring practices should be used in 
constructing test jigs. Leads on the load capacitor should be 
as short as possible to minimize ripples on the output wave- 
form transitions and to minimize undershoot. Generous 
ground metal (preferably a ground plane) should be used for 
the same reasons. A Vcc bypass capacitor should be pro- 
vided at the test socket, also with minimum lead lengths. 
Input signals should have rise and fall times of 2.5 ns and 
signal swing of OV to +3.0V. Rise and fall times < 1 ns 
should be used for testing fmax or pulse width. A 1.0 MHz 
square wave is recommended for most propagation delay _ 
tests. The repetition rate must necessarily be increased for 
testing fmax. A 50% duty cycle should always be used when 
testing fmax. Two pulse generators are usually required for 
testing such parameters as setup time, hold time, recovery 
time, etc. 

Precautions should be taken to prevent damage to devices 
by electrostatic charge. Static charge tends to accumulate 
on insulated surfaces, such as synthetic fabrics or carpet- 
ing, plastic sheets, trays, foam, tubes or bags, and on un- 
grounded electrical tools or appliances. The problem is 
much worse in a dry atmosphere. In general, it is recom- 
mended that individuals take the precaution of touching a 
known ground before handling devices. To effectively avoid 
electrostatic damage to BCT devices it may be necessary 
for individuals to wear a grounded wrist strap when handling 
devices. 





AC Loading and Waveforms (continued) 
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TL/F/11573-1 
*Includes jig and probe capacitance 


FIGURE 1. Test Load FIGURE 4. Propagation Delay, 
Pulse Width Waveforms ° 


TL/F/11573-2 


OUTPUT 
CONTROL 


SUNOJBARAA PUL SUOI}EOWINads ‘sbuneYy SOWDIG 


TL/F/11573—4 
FIGURE 5. TRI-STATE Output HIGH 
and LOW Enable and Disable Times 
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Noise Noise Region 
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FIGURE 2. Test Input Signal Levels 
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FIGURE 6. Setup Time, Hold Time 
TL/F/11573-5 and Recovery Time Waveforms 
FIGURE 3. Propagation Delay Waveforms for Inverting 
and Non-!nverting Functions 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Current Applied to Output 
please contact the National Semiconductor Sales in LOW State (Max) Twice the rated Io, (mA) 
Office/Distributors for availability and specifications. ESD Last Passing Voltage (Min) 4000V 


Storage Temperature —65°C to + 150°C Over Voltage Latchup Voc +4.5V 


Ambient Temperature under Bias —55°C to + 125°C Note 1: Absolute maximum ratings are values beyond which the device may 
Junction Temperature under Bias be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 
Plastic —55°C to + 150°C - oe tne ; 
: ; Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
Voc Pin Potential to ; 


, ea ie et Be at! Recommended Operating 
Input Voltage (Note -0.5Vto +7. he 
hienalealt Nac | Senet ene an psig? Temperature 


Voltage Applied to Output ; P : 
in the Disable or Power-Off State —0.5V to +5.5V Commercial Cle r1O6 


in the HIGH State —0.5V to Voc Supply Voltage | 
Commercial +4,5V to +5.5V 


BCT Family DC ee eee Characteristics 


| apct 
Symbol Parameter Conditions 


Vin Input HIGH Voltage ae Recognized as a HIGH Signal 
Vit Input LOW Voltage - row flv || Recognized as a LOW Signal 
Vep Input Clamp Diode Voltage pat fv | lin = —18 mA, Non I/O Pins 


Vou Output HIGH Voltage lon = —1mA, Standard or TRI-STATE Outputs 
: ; lon = —3 mA, TRI-STATE or Buffer/Line Driver Outputs 
lon = —15 mA, Buffer/Line Driver Outputs 





mae a felesise 
lo. = 64 mA, Buffer/Line Driver Outputs 
[inputtowcurent || | Max | Vin = 0.5¥, Non /0 Pins 
JinuttwaH Curent | 8.0 | | Max | vy = 2.7 Non VO Pi 
tn | rputtictcurentreakdown Test| 7.0 | wa | Max | Vin= 70 
evr | rnaricHurenttrenonwy| 100 | #A | Mae | n= 85 
lcox | OutputHicHLeakagecurent | 80 | w | Max| Vour = Voo 
Vio |inputLeakageTest = (tid as té<‘<«*é‘dCS:«éd ct | lip = 1.9 pA, All Other Pins Grounded 
ae eee a eo 
a eee a ea ea 
hn+tozu| OutputLeakage Curent || | Max | Vo = 2:7V, V0 Pins 
int loz. | OubputLeakagecurent | |_| Max | V0 = 05, V0 Pins 
-60 . —150 Ai Vout = OV, Standard or TRISTATE Outputs 
—100 —225 | mA Vout = OV, Buffer/Line Driver Outputs 
Vour = 525 TRISTATE Outputs 
icon | Powersupplyurent || | Max | Your = HIGH 
icc__| Powersuppycurent_ || ma | Max | Vour = Low 
icoz___| Powersuppiycurent_ | ma | Max | Vour = HIGHZ 





Skew Definitions and Test Philosophy 


Test Philosophy 

Minimizing output skew is a key design criteria in today’s 
high-speed clocking schemes. National has incorporated 
new skew specifications into the BCT family of devices. Na- 
tional’s test philosophy is to fully test guarantee all the avail- 
able skew specifications in order to help clock designers 
optimize their clock budgets. 

This section provides general definitions and examples of 
skew and then discusses National’s BCT bench perform- 
ance methods and examples. 


CLOCK 
ORIVER 


1 INPUT 


CLOCK_IN 


CLOCK SKEW 
Skew is the variation of propagation delay differences be- 
tween output clock signal(s). 


‘Example: 
If signal appears at out #1 in3 ns and in 4ns at output #5, 


the skew is 1 ns. 


‘. 8 OUTPUTS 


CLOCK_OUT 
' ' 


on MW Oe wn 


DUE TO DELAY 


UNCERTAINTY 
TL/F/11573-7 
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FIGURE 7. Clock Output Skew 


ferences within a given device, duty cycle and device-to-de- 
vice delay differences. 


Without skew specifications, a designer must approximate 
timing uncertainties. Skew specifications have been created 
to help clock designers define output propagation delay dif- 
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SOURCES OF CLOCK SKEW 
Total system clock skew includes intrinsic and extrinsic 


skew. Intrinsic skew is defined as the differences in delays . 


between the outputs of device(s). Extrinsic skew is defined 
as the differences in trace delays and loading conditions. 


INTRINSIC SKEW 


* CLOCK_IN 


EXTRINSIC SKEW 


CLOCK_OUT 
SKEW DUE TO 
DEVICE AND TRACE/LOAD DELAYS 
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FIGURE 8. Sources of Clock Skew 


Example: 50 MHz Clock signa! distribution on a PC Board. 


50 MHz signals produces 20 ns clock cycles 
Total system skew budget = 10% of clock cycle* = 2ns — 


If extrinsic skew = 1ns —> 


Device skew (intrinsic skew) must be less than? ns! <— 


*Clock Design Aule of thumb. 
CLOCK DUTY CYCLE 


® Clock Duty Cycle is a measure of the amount of time a 
signal is High or Low in a given clock cycle. 


TL/F/11573-9 
Duty Cycle = t/T * 100% 
FIGURE 9. Duty Cycle Calculation 


Clock Signal 


—_—_ 
CLOCK CYCLE 


FIGURE 10. Clock Cycle 
¢ Clock skew effects the Duty Cycle of a signal. 
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Clock + Skew 
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VA 


FIGURE 11. Clock Skew 
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Example: 
tHicH and tLow are each 50% of the clock cycle therefore 
the clock signal has a Duty Cycle of 50/50%. 


Example: 50 MHz clock distribution on a PC board. 


Skew must be guaranteed less than 1 ns at 50 MHz to 
achieve 55/45% Duty Cycle requirements of core silicon! 


TABLE | 


Frequency 


50/50% 
60/40% 
55/45% 


55/45% 


Duty Cycle 


Ideal Duty Cycle (50/50%) occurs for zero skew. 


Note that at lower frequencies, the skew budget is not as tight and skew 


does not effect the Duty Cycle as severely as seen at higher 
frequencies. 





Definition of Parameters 
tps (Pin Skew or Transition Skew) 


tps, describes opposite edge skews, i.e., the difference be- 
tween the delay of the low-to-high transition and the high-to- 
low transition on the same pin. This parameter is measured 
across all the outputs (drivers) on the same chip, the worst 
(largest delta) number is the guaranteed specification. Ideal- 
ly this number needs to be 0 ns. Effectively, 0 ns means that 
there is no degradation of the input signal's Duty Cycle. 

Many of today’s microprocessors require a minimum of a 
45:55 percent Duty Cycle. System clock designers typically 
achieve this in one of two ways. The first method is with an 
expensive crystal oscillator which meets the 45:55 percent 
Duty Cycle requirement. An alternative approach is to 


Definition 
tps (Pin Skew or Transition Skew): 
tps = |tpHL-tpLHl 


Both high-to-low and low-to-high propagation delays are 
measured at each output pin across the given device. 


Example: A 33 MHz, 50/50% duty cycle input signal would 
be degraded by 2.6% due to a tps = 0.8 ns. (See Table and 
Illustration below.) 

Note: Output symmetry degradation also depends on input duty cycle. 


use a less expensive crystal oscillator and implement a di- 
vide by two function. Some microprocessors have ad- 
dressed this by internally performing the divide by two. 


Since Duty Cycle is defined as a percentage, the room for 
error becomes tighter as the system clock frequency in- 
creases. For example in a 25 MHz system clock with a 
45:55 percent Duty Cycle requirement, tps cannot exceed a 
maximum of 4 ns (tpry of 18 ns and tp_y of 22 ns) and still 
meet the Duty Cycle requirement. However for a 50 MHz 


. system clock with a 45:55 percent Duty Cycle requirement, 


tps cannot exceed a maximum of 2 ns (tp_y of 9 ns and 
tpH_ of 11 ns) and still meet the Duty Cycle requirement. 
This analysis assumes a perfect 50:50 percent Duty Cycle 
input signal. 


Example 


clock input 
50% duty 


TL/F/11573-12 


FIGURE 12. tps 


TABLE II. Duty Cycle Degradation of 33 MHz 


| Device _ 
(ns) 


50%/50% 15.15/15.15 30.3 
45%/55% 13.6/16.6 30.3 


50% (7//A WORST CASE DEGRADATION, 





HIGH LEVEL ie 


14.35/15.95 30.3 


% ADC 
tout Tout 

(ns) (ns) 

47.4% /52.6% 


12.1/18.1 30.3 39.9% /60.1% 


TPS = 0.8ns. 


’ 
1 ‘ 47.4% HIGH LEVEL 
! at) (2.6% PULSE WIDTH DECREASE) 


33 MHz 


t 


' ' S 52.6% tow LEVEL 


50% : 


LOW LEVEL 


(2.6% PULSE WIDTH INCREASE) 


TL/F/11573-13 


FIGURE 13. Pulse Width Degradation 





Input to Output 
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Definition of Parameters (Continued) 


tost (Opposite Edge Skew) 


tost defines the difference between the fastest and the 
slowest of both transitions within a given chip. Given a spe- 


. cific system with two components, one being positive-edge 


triggered and one being negative-edge triggered, tost helps 
to calculate the required delay elements if synchronization 
of the positive- and negative-clock edges is required. 


device 


time, ns 
max 


FIGURE 14. tosr 
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Definition 
tost (Opposite Edge Skew): 


tost = Itpgm—trenl 
where @ is any edge transition (high-to-low or low-to-high) 
measured between any two outputs (m or n) within any giv- 


en device. 
Example 


OUTPUT 1 


lOUTPUT 2 
{] _ 
: boy = LH, 


Me tL, —m 
I 2 ' 


I Rr 
——~ 
© fost 


FIGURE 15. tost — 
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Definition of Parameters (Continued) 


tpy (Part Variation Skew) 

tpy illustrates the distribution of propagation delays between 
the outputs of any two devices. 

Part-to-part skew, tpy, becomes a critical parameter as the 


driving scheme becomes more complicated. This usually 
applies to higher-end systems which go from single clock 


—=} 


TL/F/11573-16 
FIGURE 16. Clock Distribution 


Case 1: Single Clock Driver 
Total Skew = Pin-to-Pin Skew U1 


= tos.H Or tosHi of U1 


Definition 
tpy (Part Variation Skew): 
tpy = Itpguyv = tpgxyl 
where ¢ is any edge transition (high-to-low or low-to-high) 
measured from the outputs of any two devices. 


outputs 
all devices 


time, ns 


TL/F/11573-18 
FIGURE 17. tpy 


The skew specifications offered on National’s BCT products 
were chosen based on system performance demands. The 
parameters tosuL, tos_u, tosT, tps, and tpy each relate to a 


drivers to distributed clock trees to increase fanout (shown 
below). In a distributed clock tree, part-to-part skew be- 
tween U2 and U3 must be minimized to optimize system 
clock frequency. In the case of the clock tree, the total skew 
becomes a function of tos_H/HL Of U1 plus tpy of U2 and 
U3. 


TL/F/11573-17 
Case 2: Distributed Clock Tree 


Total Skew (U2, U3) = Pin-to-Pin Skew (U1) + Part-to-Part 
Skew (U2, U3) 


Example 


| DEVICE 1 t 2 
| OUTPUT 1 Pbuiy 


eee 2 


OUTPUT 2 
: ere = tpg 
Le— te, m4 
i I 
. ae | 
' toy ' 


TL/F/11573-19 
FIGURE 18. tpy 


specific system requirement which helps designers com- 
pensate for pin-to-pin skew, duty cycle degradation, and 
part-to-part variation. 
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BiCMOS Ratings, Specifications and Waveforms 


Definition of Parameters (continued) 


tosLH, tosHi (Common Edge Skew) 


tosHL and tos_y are parameters which describe the delay 
from one driver to another on the same chip. This specifica- 
tion is the worst-case number of the delta between the fast- 
est to the slowest path on the same chip. An example of 


Definition 
tosHL tos_H (Output Skew for High-to-Low Transitions): . 


tosHL = ItpHiyax — tPHLMin! 


Output Skew for Low-to-High Transitions: 
tostH = ItpLHyax — tPLHMin! 


Propagation delays are measured across the outputs of any 
given device. 


8-12 


where this parameter is critical is the case of the cache 
controller and the CPU, where both units use the same tran- 
sition of the clock. In order for the CPU and the controller to 
be synchronized, tos_H/HL needs to be minimized. 


. Example 
CLOCK 
INPUT 


OUTPUT 1 


t 
Pabyax, 


l 
*PLHyax. 


een! 


rt 
+ tosiy + tosHt 
TL/F/11573~-20 


FIGURE 19. tosiy, tosHL 
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774 National 


BiCMOS Process Characteristics 


A BiCMOS technology has been developed using well-char- 
acterized stand-alone bipolar and CMOS processes. Com- 
bining CMOS and bipolar circuitry on a single chip has re- 
sulted in speed/power advantages that would be difficult 
and more expensive to achieve in either separate technolo- 
gy. Using 16 masks, this BICMOS technology is cost effec- 
tive, manufacturable, and highly suitable for advanced logic 
designs. 


Process Description 


The process starts with a standard bipolar front end: P sub- 
strate, N buried layer, P buried layer, N-epitaxy, and oxide 
isolation. The N buried layer provides a collector region for 
the bipolar device and a retrograde N-well for the PMOS 
device. The P buried layer is implanted for a retrograde 
NMOS P-well and channel stop rings for the NPN. These 
buried layers minimize well and collector resistance, provide 
latchup suppression, and assist in increasing field threshold 
and punch-through voltages. 


Incorporated into this front end is an intrinsic gettering cycle 
optimized to create a 104-15 denuded zone. Precipitate- 
induced stacking faults act as gettering sites for bulk and 
surface metallics. 


1.3n of N-type epitaxy is grown to support both the CMOS 
and bipolar devices. Epi oxidation and CVD nitride deposi- 
tion is accomplished before the active device regions are 
photo-defined. The nitride and epi oxide are left on all de- 


Gate Oxide 


N+ Buried Layer 


vice regions while the field areas receive a silicon etch of 
7400A. 14500A of isolation oxide is grown to electrically 
isolate all active devices. The CVD nitride and epi oxide are 
then stripped and the bird’s heads are planarized using an 
etchback technique. With the device islands created and an 
implant of phosphrous to the buried collector, the major 
CMOS steps can now be undertaken. This begins with a 
second layer of CVD nitride. 


A mask step is used to define the field oxidation for the 
CMOS devices. The field oxidation frames the active CMOS 
device inside the isolation oxide, while the nitride cap pre- 
vents active area oxidation. On the bipolar devices, the field 
oxidation does not occur because of a complete overlap- 
ping of nitride. : 

Next, a single mask is used to remove nitride from the 
CMOS device area and to define a V; adjust implant. A 250A 
gate oxidation is followed by polysilicon deposition and pho- 
to definition of the gate. 

The drawn gate width is 2.5 and the resulting Leff is 1.8. 
The reduction of the gate can be attributed to the poly over- 
etch and source/drain side diffusion. Figure 7 shows the 
bipolar NPN, PMOS, and NMOS devices from left to right, 
respectively. The NPN is covered with CVD nitride and the 
CMOS devices have gate oxide under the polysilicon. A cap 
oxide is grown as a protection layer to the polysilicon during 
the source and drain implants. 


Poly Cap Oxide 


P-Well 
P Substrate, 10-20 ohm-cm 


TL/F/11574-1 


FIGURE 1. BiCMOS Device Cross-Section 
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BiCMOS Process Characteristics 


Process Description (Continued) TABLE I. BICMOS Device Results: Bipolar 


The bipolar and CMOS final implants follow: P— base, N+ ati aed pas aes 
and P+ source/drain. The N+ implant sets the N+ source 

and drain on the NMOS, as well as the emitter for the bipo- BVcz0 —_—Collector-Base Breakdown 16.0V 
lar NPN. Anneals are performed after the N+ and P+ BVceo ——Collector-Emitter Breakdown 7.5V 
source/drain implants. BVces C-Ewith Common Base 12.0V 


LTO is used for the CMOS contact film. 3-micron contacts BVeso = Emitter-Base Breakdown 5.0V 
are opened on the source, drain, and gate pad contact ar- BVeco —_ Emitter-Collector Breakdown 2.5V 
eas as well as a frame around the bipolar devices. An LTO BVes Base-Substrate Breakdown 16.0V 
etch has been developed that meets the required selectivity BVcs Collector-Subsubstrate Breakdown 15.0V 

to silicon, thermal oxide, doped LTO, and CVD nitride. All VearRLy Forward Early Voltage 28.0V 
contacts receive a platinum silicidation to reduce the con- Rebase Extrinsic Base Sheet Res. 6250/sq 
tact resistance and allow formation of Schottky diodes. Rpbase _instrinsic Base Sheet Res. 180002/sq 


The interconnect of this technology uses a Ti/W barrier with Ft Transistor Cut-Off Frequency 8.25 GHz 
two layers of Al/Cu. Interconnect planarization is accom- Circ Emitter-Base Capacitance 314F 
plished with spin-on-glass followed by an etch-back. LPCVD ; 

oxide completes the inner-layer dielectric. Figure 2 shows Cyc Base-Collector Capacitance 90 tF 
the final process cross section without the metal layers. Cys Collector-Substrate Capacitance = 68 fF 


= ‘ eee The Iceo leakage across 1000 transistors in parallel is in 
Device Character istics the nanoamp range, a direct result of clean process condi- 


Table | shows bipolar NPN device characteristics. Beta is tions and the intrinsic gettering that maintains that cleanli- 
stable over four decades of collector current. 


RETRO P- 7D 


Bipolar NPN P MOSFET N MOSFET 


a 
YY CHANNEL STOP/P-WELL 


“wa 
ma N+ SINK LTO 


: a] : 
NITRIDE GATE OXIDE 


P+ IMPLANTS 





TL/F/11574-2 
FIGURE 2. BICMOS Device Cross-Section 





Device Characteristics (Continued) 


CMOS characteristics are shown in Table II. With drawn 
2.5 micron gates and 250 angstroms of gate oxide, the re- 
sultant Leff's are 1.8, nominal for both the NMOS and 
PMOS. Threshold voltages are matched at 0.8V. Figures 3 
and 4 show the Ips vs. Vps family of curves for a PMOS and 
NMOS, respectively. Channel size is 50 x 2.5, as drawn, for 
both devices. 


TABLE II. BICMOS Device Results: 
CMOS 
Gate Size Drawn 2.5 um 
Gate Oxide Thickness 250A 
PMOS 
Leff Effective Gate Length 
Vt Threshold Voltage 
BVDSS Drain-Source Breakdown 
IDSS Saturated Drain Current 4.5 mA* 
ISUB Subthreshold Current 115 mV/dec 
BVGOX Gate Oxide Breakdown 20.0V 
NMOS 
Leff Effective Gate Length 1.8 pm 
Vi Threshold Voltage 0.80V 
BVDSS Drain-Source Breakdown 10.0V min. 
IDSS Saturated Drain Current 9.5 mA* 
ISUB Subthreshold Current 103 mV/dec 
BVGOX Gate Oxide Breakdown 20.0V 


1.8 pm 
—0.80V 
—12.0V min. 


*Measured with 5V on Source and Gate 


ae 


| | eT 


0.5500/div 
vps (Vv) 
TL/F/11574-3 
FIGURE 3. BiCMOS PMOS Device: 
Forward Characteristics 


ID (mA) 


0.5500/div 
vps (V) 
TL/F/11574-4 
FIGURE 4. BICMOS NMOS Device: 
Forward Characteristics 


Manufacturability 


Reduced process steps have been achieved with implants 
that serve more than one device requirement. A single im- 
plant is used to set the P-well and the channel stop. The 
N-well and N+ collector are done with a single implant as 
are the N+ source/drain and emitter. Mask steps have 
been kept to a minimum for a merged technology: 16 masks 
total. 


The BiCMOS process meets stringent SPC (Statistical Pro- 
cess Control) requirements established by the manufactur- 


-ing facility prior to the technology's transfer to the manufac- 


turing organization. Sensitivity analysis has been under- 
taken to show response to processing excursions, both typi- 
cal and atypical. All in-line process measurements show 
normal distributions within established control limits. 


Conclusion 


A high-performance BiCMOS technology has been demon- 
strated that is manufacturable and reliable. The device char- 
acteristics make this a process that will support advanced 
logic designs. 
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74BCT541 Octal Buffer/Line Driver with TRI-STATE Outputs 
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ZA National 


Semiconductor 


74BCT125 7 
Quad Buffer with TRI-STATE® Outputs 


General Description Features 
The 'BCT125 is a quad buffer with TRI-STATE outputs de- m TRI-STATE outputs drive bus lines or buffer memory 
signed to be employed as a memory and address driver or address registers 
bus-oriented transmitter/receiver. Each output is disabled ™ Low Iccz through BiCMOS techniques 
by its own associated A. ™ Guaranteed output skew 
m™ Guaranteed multiple output switching specifications 
m Guaranteed 2000V minimum ESD protection 
m™ Guaranteed latchup protection 
m@ Nondestructive hot insertion capability 
@ High impedance in power down (Izz and Vip) 


Ordering Code: see Section 11 


Logic Symbol | Connection Diagram 


Pin Assignment 
IEEE/IEC | for DIP and SOIC 


527 PIS & SJ! 


@ 


TL/F/10946-1 TL/F/10946-2 


Description 





Inputs 
Outputs 


High Voltage Level 
LOW Voltage Level 
High Impedance 
Immaterial 
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Sch 





125 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias ; 
Plastic 
Vcc Pin Potential to 
Ground Pin 


—55°C to + 150°C 


—0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
input Current (Note 2) —30 mA to +5.0mA 


_ Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. © : 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vip input HIGH Voltage : 
VIL Input LOW Voltage 
Vop Input Clamp Diode Voltage 


Vou Output HIGH Voltage 


Output LOW Voltage 

Input HIGH Current = 
Input HIGH Current 
Breakdown Test ze 


Input LOW Current 


loZH Output Leakage Current 


lozL Output Leakage Current 


loz Output Leakage Current 





Output Short-Circuit Current —100 
Output HIGH Leakage Current 


Input Leakage Test 


74BCT 


Min Typ Max 


Nm 
on 
™s 


4.75 
18 


wo 
i 


Voltage Applied to Any Output 
in the Disable or Power-Off State 
in the HIGH State 


Current Applied to Output 
in LOW State (Max) 


ESD Last Passing Voltage (Min) 
DC Latchup Source Current 
Over Voltage Latchup 


—0.5V to +5.5V 
—0.5V to Vcc. 


twice the rated Io, (mA) 
2000V 

500 mA 

Voc + 4.5V 


‘Recommended Operating 
. Conditions 


Free Air Ambient Temperature 
Commercial 

Supply Voltage 
Commercial 


0°C to + 70°C 


+4.5V to +5.5V 


_ Conditions 


| 
ary 
ie) 


Vin = 0.5V 


A OV-2.7V | Vout = 2.7V 
PO 97N-5.5V 
pA | OV-5.5V | Voyt = 0.5V 


An = 0.8V, Vout = 0.5V or 2.7V 
(Power Up) 

An = 0.8V, Vout = 0.5V or 2.7V 
(Power Down) 


hp = 
° 
ao! 


I 
no 


| 
nO 
De) 


(3) 


Vo = HIGHZ 





AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C, = 50 pF 


Propagation Delay 1.6 : ; ; 
2.7 ; ; ; 
Output Enable Time 3.4 f ‘ 3.4 
5.0 8. : 5.0 
Output Disable Time 3.0 ; : 3.0 
2.8 . : . 
tosSHL Pin to Pin Skew 
(Note 1) HL Data to Output 
tosLH Pin to Pin Skew 0.4 
(Note 1) LH Data to Output : 
tosT Pinto PinSkew 35 37 
(Note 1) LH/HL Data to Output ; : 


tpy Device to Device Skew 


(Note 2) LH/HL Data to Output 


Vcc = Com Vcc = Com Vcc = Com 

C., = 50 pF C. = 250 pF C. = 250 pF 
Parameter 4 Outputs 1 Output 4 Outputs 
Switching Switching Switching 

(Notes 3, 4) 


Propagation Delay 3.0 
Data to Output 3.0 

toSHL Pin to Pin Skew 

(Note 1) HL Data to Output 

tostH Pin to Pin Skew 

(Note 1) LH Data to Output 

tosT Pin to Pin Skew 

(Note 1) LH/HL Data to Output 


tpy Device to Device Skew 
(Note 2) LH/HL Data to Output 





Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tosni), LOW to HIGH (tostH), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tosz). 
Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. 


Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.¢., all low-to-high, high- 
to-low, etc.). 


Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. f 





Scl 





125 


Capacitance 


Typ 
4.0 


Control Inputs 
QutputPin Capacitance [8.0 |r 
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Conditions 





ZA National 


Semiconductor 


74BCT240 


Octal Buffer/ Line Driver with TRI-STATE® Outputs 


General Description 


The 'BCT240 is an inverting octal buffer and line driver with 
TRI-STATE outputs designed to be employed as a memory 
and address driver, clock driver, or bus-oriented transmitter/ 
receiver. 


Ordering Code: see Section 11 


Logic Symbol 


IEEE/IEC 





TL/F/10881-2 





LOW Voltage Level 
material 
igh Impedance 


Poe} 





Features 


“mt Inverting buffers 


m@ Low Iccz through BiCMOS techniques 

mg TRI-STATE outputs drive bus lines 

w@ Output sink capability of 64 mA, source capability of 
15 mA 

m™ Guaranteed output skew 

m Guaranteed multiple output switching specifications 

mg Guaranteed 4000V minimum ESD protection 

m Guaranteed 500 mA minimum latchup protection 

m Non destructive hot insertion capability 

g@ High impedance in power down (lzz and Vjp) 


Connection Diagram 


Pin Assignment 
for DIP and SOIC 





Output Enable Input (Active LOW) 
Inputs 


Outputs 
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TL/F/10881~-1 


Description 


Ore 





240 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —§5°C to + 125°C 


Junction Temperature under Bias 
Plastic 


Vcc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 
Input Current (Note 2) 


Voltage Applied to Any Output 
in the Disable or Power-off State 
in the High State 


—55°C to + 150°C 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to +5.5V 
—0.5V to Voc 


DC Electrical Characteristics 


Symbol Parameter 


Vin Input HIGH Voltage 


Vit Input LOW Voltage 


Input Clamp Diode Voltage 
Output HIGH Voltage 


Vep 
Vou 


Output LOW Voltage 
Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Input LOW Current 

Output Short-Circuit Current 
lozH Output Leakage Current . 
Output Leakage Current 
Output HIGH Leakage Current 


Input Leakage Test 


lozt 


ICEX 
Vip 

lzz Bus Drainage Test 
ICCH Power Supply Current 


loci Power Supply Current 


locz Power Supply Current 


74BCT 
Min Typ Max 


7 

id 
9.8 18 m 
44.0 69 
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Current Applied to Output 


in LOW State (Max) Twice the Rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


DC Latchup Source or Sink Current +500 mA 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Commercial 

Supply Voltage 
Commercial 


0°C to + 70°C 


+4.5V to + 5.5V 


< 


= = = 
@ |e 8 


cc Conditions 


Recognized as a 
HIGH Signal 


Recognized as a 
LOW Signal 


ln = —18mA 


lon = —3MA 
lon = —15mA 


lo. = 64mA 
VIN = 2.7V 
Vin = 7.0V 


4 
> 


Vin = 0.5V 
Vout = OV 
Vout = 2.7V 
Vout = 0.5V 
Vout = Voc 


lip = 1.9 pA 
All Other Pins Grounded 


Vout = 5.25V 
Vo = HIGH 
Vo = LOW 
Vo = HIGH Z . 


p 


= tle l3 ile 
ais] < BeBe 


mA 
mA 


Max 





‘AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = +5.0V 
C_ = 50 pF 
Min Typ Max 


Propagation Delay 3.0 4.8 
Data to Output 


0.5 

0.4 2.0 3.5 ‘0. 
Output Enable Time 1.0 5.0 7.9 1.0 

1.0 6.3 9.4 1.0 
Output Disable Time 1.0 4.6 6.8 1.0 

1.0 


6.0 8.1 1.0 


toSHL Pin to Pin Skew 1.0 , 17 
(Note 1) HL Data to Output . 7 


tosLH Pin to Pin Skew 
(Note 1) LH Data to Output 


tost Pin to Pin Skew 
(Note 1) LH/HL 
Data to Output 


tpy Device to Device 
(Note 2) Skew LH/HL 
Data to Output 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tosHL), LOW to HIGH (tosiH), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tos). This specification is guaranteed but not tested. 


Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested. 


Extended AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations 


Vcc = Com 
8Outputs ~ Cy = 250 pF 
Switching (Note 2) 

(Note 1) 


Propagation Delay 3.0 
Data to Output 1.5 


Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.) 


Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. 


Parameter 


Capacitance 


[Symbot [Parameter | Typ | units [ Gonatons | 
| Cw | inputCapacitance | 60 | pF _| Voo = 5.0V | 





Output Pin Capacitance | 90 | pF | Voc = 5.0V 
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2240 


ZA National 


Semiconductor 


74BCT2240 
Octal Buffer/Line Driver 
with 252 Series Resistors in the Outputs 


General Description 


The ‘BCT2240 is an inverting octal buffer and line driver 
designed to drive the capacitive inputs of MOS memory driv- 
ers, address drivers, clock drivers, or bus-oriented transmit- 
ters/receivers. 


The 252 series resistors in the outputs reduce ringing and 
eliminate the need for external resistors. 


Ordering Code: see Section 11 


Logic Symbol 


IEEE/IEC 


TL/F/10894-1 


| Pin Names _| Description 


OE}, OE2 Outptut Enable Input (Active LOW) 
lo-I7 Inputs 
Oo-07 Outputs 





Features 


m 252 series resistors in outputs eliminate the need for 
external resistors 

m@ TRI-STATE® outputs drive’ bus lines or buffer memory 
address registers 

@ Low Iccz through BiCMOS techniques 

= Guaranteed output skew 

m Guaranteed multiple output switching specifications 

m Guaranteed 4000V minimum ESD protection 

m Guaranteed 500 mA minimum latchup protection 

@ Hot insertion capability 


m@ High impedance in power down (izz and Vip) 


Connection Diagram 


\ 


Pin Assignment 
for DIP and SOIC 


a 


‘ 


dda 
anata 


in 


TL/F/10894-2 
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Oree 


Truth Table 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 
Schematic of Each Output 


Voc 


TL/F/10894-4 





10-11 


2240 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature 65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 


Junction Temperature under Bias 
Plastic 


Voc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 
Input Current (Note 2) 


Voltage Applied to Any Output 
in the Disable or Power-Off State 
in the High State 


Current Applied to Output 
in LOW State (Max) 


—55°C to + 150°C 


—0.5V to +7.0V 


—30 mA to +5.0 mA 


—0.5V to +5.5V 
—0.5V to Voc 


Twice the Rated Io, (mA) 


DC Electrical Characteristics 


Symbol Parameter GABC Is SEE Vec Conditions 
Min T 
4.75 


VIH 


Input HIGH Voltage 
Input LOW Voltage 


Input Clamp Diode Voltage 


ViL 


Vep 
Vou 


Output HIGH Voltage 
Input HIGH Current 
Breakdown Test 


Input LOW Current 


Output Short-Circuit Current 


Output Leakage Current 


—100 


OutputLeakage Curent | 20 
Output HIGH Leakage Current a ee 


Bus Drainage Test 
Power Supply Current a 
Power Supply Current 


Input Leakage Test 





Power Supply Current 


—0.5V to +7.0V. 


ESD Last Passing Voltage (Min) 4000V 
DC Latchup Source or Sink Current. . +500 mA 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. , 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 


Commercial 0°C to + 70°C 


_ Supply Voltage 


yp Max 
Output LOW Voltage 0.5 
0.8 
20 
8.3 18 
: 69 
6.6 
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Commercial +4.5V to +5.5V 


Recognized as a 
HIGH Signal 


Recognizedasa | 
LOW Signal 


In = —18mMA 


lon = —3mA 
lon = —15mA 


V 


lol = 3mA 
lo. = 15mA 
Vin = 2.7V 


Vin = 7.0V 


Vin = 0.5V 
Vout = OV 
Vout = 2.7V 
Vout = 0.5V 


—225 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins 
Grounded 


VouT = 5.25V 
Vo = HIGH 
Vo = LOW 


8 Vo = HIGHZ . 


pA 





Obce 


AC Electrical Characteristics: sce Section 8 for Waveforms and Load Configurations 


74BCT 74BCT 
Ta = +25°C , 
Parameter Vec = +5.0V = 
ane ae ee = 50 pF = ; 


Propagation Delay -ie Te No 4.8 0.5 
Data to Output 2.4 4.0 0.5 
Output Enable Time 2.6 5.0 8.2 2.6 
7.0 10.9 4.3 He a 


Output Disable Time : - : : 5 


a . 

toSHL Pin to Pin Skew 0.3 
(Note 1) HL Data to Output 
tosLH Pin to Pin Skew 0.4 
(Note 1) LH Data to Output . 
tost Pin to Pin Skew 
(Note 1) LH/HL 0.7 

Data to Output 


tpy Device to Device 
(Note 2) Skew LH/HL 
Data to Output 
Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tosHt), LOW to HIGH (tostH), or any combination switching LOW to HIGH and/or HIGH to LOW 


(tosr). 
Note 2: Progagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. 


Extended AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations 


74BCT 74BCT 
Ta = Com 
Vcc = Com Ta = Com 
C,_ = 50 pF Vec = Com 
reremeter 8 Outputs C, = 250 pF 
Switching (Note 2) 
a. 1) 


Propagation Delay 
Data to Output 


Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
. to-low, ete.). 

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 

the standard AC load. This specification pertains to single output switching only. 
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2240 


Capacitance 


Input Capacitance 
Output Pin Capacitance 


yP 
8 
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Lb2 


7 National 


Semiconductor 


74BCT241 
Octal Buffer/Line Driver with TRI- STATE® Outputs 


General Description Features 

The 'BCT241 is an octal buffer and fine driver with TRI- ™@ Non-inverting buffers 

STATE outputs designed to be employed as amemory and ~—_—m_~Low Iccz through BiCMOS techniques 

address driver, clock driver, or bus-oriented transmitter/re- m= TRI-STATE outputs drive bus lines 

ceiver. m Output sink capability of 64 mA, source capability of 
15 mA 
Guaranteed output skew 
Guaranteed multiple output switching specifications 
Guaranteed 4000V minimum ESD protection 
Guaranteed 500 mA minimum latchup protection 
Nondestructive hot insertion capability 
High impedance in power down (lzz and Vip) 


Ordering Code: see Section 11 


Logic Symbol | Connection Diagram 


; Pin Assignment 
‘IEE/IEC for DIP and SOIC 


TL/F/10698-1 


TL/F/10698-2 


| PinNames | __—Description | 


Output Enable Input (Active Low) 


Output Enable Input (Active High) 
Inputs 
Outputs 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 


Junction Temperature under Bias 
Plastic 


Vcc Pin Potential 
to Ground Pin 


Input Voltage (Note 2) 
Input Current (Note 2) 


—55°C to + 150°C 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 
Note 1: Absolute maximum ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. : 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter _ 


VIH 
Vit 


Input HIGH Voltage 

Input LOW Voltage 

Input Clamp Diode Voltage. 
Output HIGH Voltage 


Vop _ 
VoH 


VoL Output LOW Voltage 
li Input HIGH Current 


Input HIGH Current 
Breakdown Test 


input LOW Current 

Output Short-Circuit Current 
Output Leakage Current 

Output Leakage Current 

Output HIGH Leakage Current 
Input Leakage Test . 


Izz 

ICcH 
Iocu 
lccz 


Voltage Applied to Any Output 
in the Disable or Power-Off State 
in the High State 


Current Applied to Output 
in LOW State (Max) 


ESD Last Passing Voltage (Min) 
DC Latchup Source or Sink Current 


- —0.5V to +5.5V 
—0.5V to Voc 


Twice the Rated Io. (mA) 
4000V 
+500 mA 


Recommended Operating 


-- Conditions 


| BusDrainageTest | 10 | nA | 0.0 
| PowerSupply Curent | 2340 | mA | Max | 
| Power SupplyGurent | st 65] mA_ | Max | 
| PowerSupply Curent | 10] ma_ | Max 
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Free Air Ambient Temperature 
Commercial 

Supply Voltage 
Commercial 


o°C to + 70°C 


+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —3 mA 
lon = —15mA 


lo. = 64 mA 
VIN = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
Vout = 0V 
Vout = 2.7V 
Vout = 0.5V 
Vout = Vcc 


lip = 1:9 pA 
All Other Pins Grounded 


Vout = 5.25V 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 


pA 

pA 

pA 
V 





AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
ie a a = 50 pF 


Propagation Delay 
Data to Output re ; 
Output Enable Time 1.0 : 
1.0 1.0 
Output Disable Time 1.0 1.0 
1.0 8.1 1.0 
tosHL Pin to Pin Skew 
(Note 1) HL Data to Output 
tos_H Pin to Pin Skew 
(Note 1) LH Data to Output 
tost Pin to Pin Skew 
(Note 1) LH/HL Data to Output 
tpy Device to Device Skew 2.5 
(Note 2) LH/HL Data to Output 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tosp,), LOW to HIGH (tos_y), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tos). This specification is guaranteed but not tested. . 


Note 2: Propagation delay variation for a given set of conditions (i.¢., temperature and Vcc from device to device. This specification is guaranteed but not tested. 


Extended AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations 


Ta = Com 
Vcc = Com Ta = Com 
C, = 50 pF Vcc = Com 
Parameter 8 Outputs C. = 250 pF 
Switching (Note 2) 
a aT 1) 


Propagation Delay 
Data to Output 


Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.) 


Note 2: These specifications guaranteed but not tested. The limits represent propagation delay swith 250 pF load capacitors i in place of the 50 pF load capacitors 
in the standard AC load. This specification pertains to single output switching only. 


Capacitance 


| Parameter | typ | units, | Contitions 
Input Capacitance a ov 
OutputPinapacitance | 130 | 
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ZANational 


miconductor 


74BCT2241 


Octal Buffer/Line Driver with 2520 
Series Resistors in the Outputs 


General Description 

The ’BCT2241 is an octal buffer and line driver designed to 
drive the capacitive inputs of MOS memory drivers, address 
drivers, clock drivers, and bus-oriented transmitters/receiv- 
ers, 

The 252 series resistors in the outputs reduce ringing and 
eliminate the need for external resistors. 


Ordering Code: see Section 11 


Logic Symbol 


IEE/IEC 


TL/F/10895-1 


| PinNames | Description 


Output Enable Input (Active Low) 


Output Enable Input (Active High) 
Inputs 
Outputs 





Features 

m 252 series resistors in outputs eliminate the need for 
external resistors 

g TRI-STATE® outputs drive bus lines or buffer memory 
address registers 

® Low Iccz through BiCMOS techniques 

m= Guaranteed output skew 

m Guaranteed multiple output switching specifications 

m™ Guaranteed 4000V minimum ESD protection 

gm Guaranteed fatchup protection 

a Nondestructive hot insertion capability 

@ High impedance in power down (lzz and Vip) 


Connection Diagram 


Pin Assignment 
for DIP and SOIC 


TL/F/10895-2 
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Lp2e 


Truth Table 


IGH Voltage Level 
LOW Voltage Level 
= Immaterial 
Z = High Impedance 


Schematic of Each Output 


Vee 
Output 
GND 


TL/F/10895-4 
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Absolute Maximum Ratings (note 1) 


lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 


Junction Temperature under Bias 
Plastic 


Vcc Pin Potential 
to Ground Pin 


Input Voltage (Note 2) 
input Current (Note 2) 


— 55°C to + 150°C 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0 mA 
Note 1: Absolute maximum ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


VIH 
Vit 
Voep 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


Vou Output HIGH Voltage 


VoL Output LOW Voltage 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 


hie Input LOW Current 
Output Short-Circuit Current 


NH 


lozH Output Leakage Current 
Output Leakage Current 


Output HIGH Leakage Current 


loz 
IcEX 
Vip Input Leakage Test 
Iz7z 0 Bus Drainage Test 
ICCH Power Supply Current 


IocL Power Supply Current 


locz Power Supply Current 
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Voltage Applied to Any Output 
in the Disable or Power-Off State 
in the High State 


Current Applied to Output 
in LOW State (Max) 


ESD Last Passing Voltage (Min) 
DC Latchup Source Current 
Over Voltage Latchup 


—0.5V to +5.5V 
—0.5V to Vcc 


Twice the Rated Io, (mA) 
4000V 

500 mA 

Voc +4.5V 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Commercial — 

Supply Voltage 
Commercial! 


0°C to +70°C 


+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —3mA 
lon = —15mA 


lol = 3mA° 
lol = 15mA 


Vin = 2.7V 
Vin = 7.0V 


VIN = 0.5V 
Vout = OV 
Vout = 2.7V 
Vout = 0.5V 
Vout = Voc 


lip = 1.9 pA 
All Other Pins Grounded 


Vout = 8.25V 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 





Leee 


AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 


Propagation Delay 1.1 
Data to Output 2.0 
Output Enable Time 2.7 
4.1 
Output Disable Time 1.7 
1.7 : : ; : 
tosHt Pin to Pin Skew 1.0 
(Note 1) HL Data to Output 
tostH Pin to Pin Skew 14 
(Note 1) LH Data to Output 
tost Pin to Pin Skew 
(Note 1) LH/HL Data to Output 


tpy Device to Device Skew 
(Note 2) LH/HL Data to Output 
Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 


specification applies to any outputs switching HIGH to LOW (tgs), LOW to HIGH (tosLH), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tost). This specification is guaranteed but not tested. 


Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specificaton is guaranteed but not tested. 


Extended AC Electrical Characteristics: sce Section 8 for Waveforms and Load Configurations 


Ta = Com 
Vcc = Com Ta = Com 
C. = 50 pF Vcc = Com 
8 Outputs C_ = 250 pF 
Switching (Note 2) 
(Note 1) 


Parameter 


Propagation Delay 2.5 
Data to Output 3.0 


Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.). . 

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. This specification pertains to single output switching only. 


Capacitance 


| Parameter | Typ | units, | Conaitions 
input PinCapacitance | 8 | 





Output Pin Capacitance 
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ZA National 


Semiconductor 


74BCT244 


Octal Buffer/Line Driver with TRI-STATE® Outputs 


General Description 


The 'BCT244 is an octal buffer and line driver with TRI- 
STATE outputs designed to be employed as a memory and 
address driver, clock driver, or bus-oriented transmitter/re- 
ceiver. 


Ordering Code: see section 11 


Logic Symbol 


IEEE/IEC 


S 


TL/F/10699-2 


Features 

@ Non-inverting buffers 

m Low Iccz through BICMOS techniques 

m TRI-STATE outputs drive bus lines 

w@ Output sink capability of 64 mA 

w@ Source capability of 15 mA 

@ Guaranteed output skew 

mg Guaranteed multiple output switching specifications 
m Guaranteed 4000V minimum ESD protection 
m Guaranteed latchup protection 

m Nondestructive hot insertion capability 

@ High impedance in power down (lzz and Vip) 


Connection Diagram 


Pin Assignment 
for DIP and SOIC 


TL/F/10699-1 


OE;, OEs Output Enable Input (Active Low) 
Inputs 


lo-!7 
Oo-O07 





IGH Voltage Level 
LOW Voltage Level 
Immaterial 
High Impedance 


Outputs 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias 
Plastic 
Vcc Pin Potential to 
Ground Pin 


—55°C to + 150°C 


—0.5V to + 7.0V 
Input Voltage (Note 2) —-0.5V to +7.0V 


Input Current (Note 2) —30 mAto +5.0 mA 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 
Symbol Parameter 


Vin 
Vit 


Input HIGH Voltage 

Input LOW Voltage 

Input Clamp Diode Voltage 
Output HIGH Voltage 


Vep 
VOoH 


Output LOW Voltage 
Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Wo Input LOW Current 
Output Short-Circuit Current 


VoL 
NH 


loZH Output Leakage Current 


lozL Output Leakage Current 


IcEX Output HIGH Leakage Current 


Vip Input Leakage Test 
zz Bus Drainage Test 
ICCH Power Supply Current 


IocL Power Supply Current 


Icocz Power Supply Current 


- ESD Last Passing Voltage (Min) 


< 


ad 
On 
ie 
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Voltage Applied to Any Output 
in the Disable or Power-Off State 
in the High State 


Current Applied to Output 
in LOW State (Max) 


—0.5V to +5.5V 
—0.5V to Vcc 


twice the rated Io, (mA) 
4000V 

500 mA 

Voc + 4.5V 


DC Latchup Source or Sink Current 
Over Voltage Latchup 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Commercial 

Supply Voltage 
Commercial 


0°C to +70°C 


+ 4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


| 

_ 
ph 
< 


lon = —3mA 
lon = —15mA 


lo. = 64mA 
Vin = 2.7V 
Vin = 7.0V 


< 


Vin = 0.5V 
Vout = OV 
Vout = 2.7V 
Vout = 0.5V 
Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


VouT = 5.25V 
Vo = HIGH 
Vo = LOW 
Vo = HIGH Z 
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AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = + 5.0V 


Propagation Delay 1.2 
Data to Output 1.7 
Output Enable Time 2.0 
2.0 

i 1.0 

1.0 


Output Disable Time 
tosHL Pin to Pin Skew 
(Note 1) HL Data to Output 
tostH Pin to Pin Skew 
(Note 1) LH Data to Output 
tosT Pin to Pin Skew 
(Note 1) LH/HL Data to Output 


tpy Device to Device Skew 
(Note 2) LH/HL Data to Output 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tosy,), LOW to HIGH (tos_H), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tost). This specification is guaranteed but not tested. : 

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested. 





Extended AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations 


Ta = Com 
Vcc = Com Ta = Com 
C, = 50 pF Vcc = Com 
8 Outputs C, = 250 pF 
Switching (Note 2) 
(Note 1) 


Propagation Delay 3.0 
Data to Output 3.0 


Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.) 

Note 2: These specifications guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors 
in the standard AC load. This specification pertains to single output switching only. . : 


Parameter 


Capacitance 


| Symbol | Parameter | Typ | Units | Conditions _ 
| Cw | inputCapacitance |__| pF | Voo=5.0V_ 





Output Pin Capacitance Voc = 5.0V 
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ZyNationat 


Semiconductor 


74BCT2244 
Octal Buffer/Line Driver 
with 25© Series Resistors in the Outputs 


General Description 


The 'BCT2244 is an octal buffer and line driver designed to 
drive the capacitive inputs of MOS memory drivers, address 
drivers, clock drivers, and bus-oriented transmitters/receiv- 
ers. 


The 25N series resistors in the outputs reduce ringing and 
eliminate the need for external resistors. 


Ordering Code: see section 11 


Logic Symbol 


IEEE/IEC 


TL/F/10896~-1 


| PinNames Description 


Output Enable Input (Active Low) 
Inputs 
Outputs 


Features 

m 252 series resistors in outputs eliminate the need for 
external resistors 

m TRI-STATE® outputs drive bus lines or buffer memory 
address registers 

m Low Iccz through BiCMOS techniques 

@ Guaranteed output skew 

m@ Guaranteed multiple output switching specifications 

g Guaranteed 4000V minimum ESD protection 

m Guaranteed latchup protection 

g Nondestructive hot insertion capability 

@ High impedance in power down (Izz and Vip) 


Connection Diagram 


Pin Assignment 
for DIP and SOIC 


TL/F/10896-2 
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Truth Table 


W Voltage Level 
material 
igh Impedance 


Schematic of Each Output 


Voc 
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_ TL/F/10896-4 





Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias 
Plastic 
Vcc Pin Potential to 
Ground Pin 


—55°C to + 150°C 


—0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30 mA to +5.0mA 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


Vin Input HIGH Voltage 

VIL Input LOW Voltage 

Vop Input Clamp Diode Voltage 
Vou Output HIGH Voltage 


VoL Output LOW Voltage 


NH Input HIGH Current 


Input HIGH Current 
Breakdown Test 


lie Input LOW Current 

Output Short-Circuit Current 
1oZH Output Leakage Current 
loz- Output Leakage Current 
IcEX Output HIGH Leakage Current 
Vip Input Leakage Test 


Izz Bus Drainage Test 
IocH Power Supply Current 
IocL . Power Supply Current 


Iocz Power Supply Current 


= 
ap 


BN 
Oo 


fo2) 
o 

E 
> 


a 
.on) 


Voltage Applied to Any Output 
in the Disable or Power-Off State 
in the High State 


Current Applied to Output 
in LOW State (Max) 


ESD Last Passing Voltage (Min) 
DC Latchup Source Current 
Over Voltage Latchup 


—0.5V to +5.5V 
—0.5V toVcc 


twice the rated Io, (mA) 
4000V 

500 mA 

Voc + 4.5V 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Commercial 

Supply Voltage 
Commercial 


0°C to + 70°C 


+ 4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
in = —18mA 


lod = —3mMA 
loH = —15mMA 


lo. = 3mA 
lo. = 15mA 


VIN = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
VouT = OV 

Vout = 2.7V 
Vout = 0.5V 
Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


VouT = 5.25V 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 
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AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations — 


Ta = +25°C 
Vec = +5.0V 
‘C_ = 50 pF 


tosHL 
(Note 1) 


tosLH Pin to Pin Skew 1.0 12 
(Note 1) HL Data to Output 

tosT Pin to Pin Skew . 3.3 
(Note 1) LH/HL Data to Output , 
tpy Device to Device Skew 35 

(Note 2) LH/HL Data to Output os 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tosHi), LOW to HIGH (tostH), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tos). This specification is guaranteed but not tested. 

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc, from device to device. This specification is guaranteed but not tested. 


Extended AC Electrical Characteristics: see Sections for Waveforms and Load Configurations 


74BCT 74BCT 


Ta = Com 
Vcc = Com 
Cy, = 50 pF Voc = Com 
8 Outputs Ci = 250 pF 
Switching (Note 2) 
(Note 1) 


Propagation Delay 2.0 _ 5.4 


Parameter 


Data to Output 3.0 7.2 


Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 


. to-low, etc.). 


Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. This specification pertains to single output switching only. : 


Capacitance 


Typ | Units_— | Conditions 


Output Pin Capacitance a ee) 
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ZA National 


Semiconductor 


74BCT245 


Octal Bidirectional Transceiver with TRI-STATE® Outputs 


General Description 


The ’BCT245 contains eight non-inverting bidirectional buff- 
ers with TRI-STATE outputs and is intended for bus-orient- 
ed applications. Current sinking capability is 64 mA (48 mA 
Mil) at the B port. The Transmit/Receive (T/R) input deter- 
‘mines the direction of data flow through the bidirectional 
transceiver. Transmit (active HIGH) enables data from A 
ports to B ports; Receive (active LOW) enables data from B 
ports to A ports. The Output Enable (OE) input, when HIGH, 
disables both A and B ports by placing them in a high im- 
pedance state. 


Ordering Code: see Section 11 


Logic Symbol 


IEEE/IEC 


TL/F/10700-3 


Bus B Data to Bus A 
Bus A Data to Bus B 
High Z State 

HIGH Voltage Level 


LOW Voltage Level 
Immaterial 


Features 

m@ Non-inverting buffers 

m Bidirectional data path 

@ Low Iccz through BICMOS techniques 

w TRI-STATE outputs drive bus lines 

m@ Output sink capability of 64 mA 

mw Source capability of 15 mA 

m= Guaranteed output skew 

m Guaranteed multiple output switching specifications 
@ Guaranteed 4000V minimum ESD protection 
@ Guaranteed latchup protection 

m Nondestructive hot insertion capability 

m High impedance in power down (lzz and Vip) 


Connection Diagram 


Pin Assignment 
for DIP and SOIC 


2B ee: 
et 


4 


HI 


k= 
ees 
oe 


l 





TL/F/10700-2 


Output Enable Input (Active Low) 
Transmit/Receive Input 

Inputs or TRI-STATE Outputs 
Inputs or TRI-STATE Outputs 
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245 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias - 
Plastic 
Voc Pin Potential to 
Ground Pin 


—55°C to + 150°C 


—0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30 mA to +5.0mA 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 


Voltage Applied to Any Output 


in the Disable or Power-Off State 
in the High State 


Current Applied to Output 
in LOW State (Max) 


ESD Last Passing Voltage (Min) 
DC Latchup Source Current . 
Over Voltage Latchup 


—0.5V to + 5.5V 
—0.5V to Vcc 


Twice the Rated Io, (mA) 
4000V 

500 mA 

Voc +4.5V 


Recommended Operating 


Conditions 
Free Air Ambient Temperature 


Commercial 0°C to + 70°C 
Supply Voltage 


Commercial 


these conditions is not implied. . 
Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
+4,5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter ieeraes Vcc 
| Min Typ Max | 


° oe 


Conditions 


|_| Recognized as a HIGH Signal 
Recognized as a LOW Signal 
‘lin = —18mA 


loH = —1 mA (An) 
lon = —3 mA (An, Bn) 
lon = —15 mA (Bn) 
lo. = 24 mA (An) 

lo. = 64 mA (Bn) 


Vin = 2.7V CE, T/A) 


Output HIGH Voltage 





VoL 


eee al 


Input HIGH Current . pS | nA | Max | 


input HIGH Current 7 A Vin = 7.0V (OE, T/R) 
Breakdown Test 


IIH 
IBvi 


input HIGH Current - Vin = 5.5V (An, Bn) 
Breakdown Test (I/O) | 00 | a | me 
input LOW Curent P= 280 ea | max [iy = 05 OETA 


‘Output Short-Circuit Current —100 — 225 ee Vout = OV (Bn) 
mA 


~60 —150 Vout = OV (An) 


Output Leakage Current - as | na | Moe Vout = 2.7V (An, Bn) 
Output Leakage Current p10] a | ax Vout = 0.5V (An, Bn) 


Output High Leakage Current 2a Vour = Voc (An, Bn) 


All Other Pins Grounded 
Bus |BusDrainageTest- Test © 


Ce eee Deere eT 
[Power SuppiyGurent ————SSS* as 70 | mA | Max | Vo = LOW 
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AC Electrical Characteristics: sce Section 8 for Waveforms and Load Configurations 


Parameter Vec = + 5.0V 


tosHL Pin to Pin Skew 
(Note 1) HL Data to Output 


tostH Pin to Pin Skew 
(Note 1) LH Data to Output 


tostT Pin to Pin Skew 
(Note 1) LH/HL Data to Output 


tpyv 
(Note 2) 
Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 


specification applies to any outputs switching HIGH to LOW (tosy_), LOW to HIGH (tos_y), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tost). This specification is guaranteed but not tested. 


Note 2: Propagation delay variation for a given set of conditions (i.6., temperature and Vcc) from device to device. This specification is guaranteed but not tested. 


Extended AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations 


Vcc = Com 

8 Outputs C, = 250 pF 
Switching (Note 2) 
(Note 1) . 


Propagation Delay 2.0 
Data to Output 2.0 


Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.). 

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. This specification pertains to single output switching only. 


Parameter 


Capacitance 


| Symbol | __Parameter__——| Typ | Units | Conditions 





Input/Output Pin Capacitance Voc = 5.0V (An, Bn) 
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373 


GANational 


Semiconductor 


74BCT373 


Octal Transparent Latch with TRI-STATE® Outputs 


General Description 


The 'BCT373 consists of eight latches with TRI-STATE out- 
puts for bus oriented applications. The flip-flops appear 
transparent to the data when Latch Enable (LE) is HIGH. 
When LE is LOW, the data that meets the setup times is 
latched. Data appears on the bus when the Output Enable 
(OE) is LOW. When OE is HIGH the bus output is in the high 
impedance state. 


Ordering Code: see section 11 
Logic Symbols 


Do Dy Dz Ds Dy Ds Dg 07 


09 0, 02 0; 0, Os 0g 07 
TL/F/10877-3 


IEEE/IEC 


TL/F/10877-1 


|_PinNames Description 


Data Inputs 

Latch Enable Input 
(Active HIGH) 

Output Enable Input 
(Active LOW) 

TRI-STATE Latch Outputs 


Features 

m Eight latches in a single package’ 

m TRI-STATE outputs for bus interfacing 

m@ Nondestructive hot insertion capability 

m High impedance in power down (lzz and Vip) 

m@ Guaranteed 4000V minimum ESD een 

@ Guaranteed output skew 

m Guaranteed multiple output switching specications 
= Guaranteed latchup protection 

m@ Low Iccz through BiCMOS techniques 


Connection Diagram 


Pin Assignment . 
for DIP and SOIC 


1 
2. 
a 
4 
5 
6 
7 
8 
9 


_ 
oO 


TL/F/10877-2 
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Functional Description 


The ’BCT373 contains eight D-type latches with TRI-STATE 
output buffers. When the Latch Enable (LE) input is HIGH, 
data on the D, inputs enters the latches. In this condition 
the latches are transparent, i.e., a latch output will change 
state each time its D input changes. When LE is LOW, the 
latches store the information that was present on the D in- 
puts a setup time preceding the HIGH-to-LOW transition of 
LE. The TRI-STATE buffers are controlled by the Output 
Enable (OE) input. When OE is LOW, the buffers are in the 
bi-state mode. When OE is HIGH the buffers are in the high 
impedance mode but this does not interfere with enterin 

new data into the latches. : 


Logic Diagram 


Truth Table 





IGH Voltage Level 
OW Voltage Level 
mmaterial 

High Impedance State 


TL/F/10877-4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Voltage Applied to Any Output 
please contact the National Semiconductor Sales in the Disable or Power-Off State —0.5V to +5.5V 
Office/Distributors for availability and specifications. in the High State —0.5V to Voc 


Storage Temperature —65°C to + 150°C Current Applied to Output : 

Ambient Temperature under Bias —55°C to + 125°C in LOW State (Max) Twice the Rated Io, (mA) 

Junction Temperature under Bias ESD Last Passing Voltage (Min) 4000V 
Plastic —55°C to + 150°C DC Latchup Source Current 500 mA 


Voc Pin Potential Over Voltage Latchup Voc + 4.5V 
to Ground Pin —0.5V to +7.0V , 


Input Voltage (Note 2) ~0.5V to +7.0V Recommended Operating 
Input Current (Note 2) -—30mA to +5.0mA Conditions 


Note 1: Absolute maximum ratings are values beyond which the device may Free Air Ambient Temperature : 
be’ damaged or have its useful life impaired. Functional operation under Commercial 0°C to + 70°C 


these conditions is not implied. Supply Voltage 
Note 2: Either voltage limit or current limit is sufficient to protect inputs. Commercial +4,5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter Conditions 


VIH Input HIGH Voltage 

Vit Input LOW Voltage 

Vop Input Clamp Diode Voltage 
Vou Output HIGH Voltage 


Recognized as a HIGH Signal 


= 
5 
3 
= 
Fa 
x 


Recognized as a LOW Signal 
lin = —18mA 


lon = —3mMA 
lon = —15mA 


lo. = 64mA 
Vin = 2.7V 
Vin = 7.0V 


| 
_ 
to 


VoL Output LOW Voltage 
NH Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Vie Input LOW Current 
lozH Output Leakage Current | 


= 
> 


Nm 
oh 
N e 
eS 
> 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
VouT = OV 


ne) 

° 
= 

> 


lozL Output Leakage Current 
los Output Short-Circuit Current 
Vout = Voc 


lip = 1.9 pA 
All Other Pins Grounded 


Vout = 5.25V 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 


ICEX Output HIGH Leakage Current 


= 
> 


Vip Input Leakage Test 


Bus Drainage Test 


3 
> 


Power Supply Current 


3 
> 


Power Supply Current 


= 
> 
(2) 


NI 
a 
| 


3 
> 


Power Supply Current 
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AC Electrical Characteristics: see Section 8 for Waveforms and Load ee 


74BCT 
Ta = +25°C 
Vec = +5.0V 
Parameter qe = 50 pF 


Propagation Delay 2.0 : ; 

Data to Output 2.0 Hl : 

Propagation Delay 2.0 : : 

LE to Op, 2.0 : A 

Output Enable Time 2.0 ‘ 5 
2.0 8 : 

Output Disable Time 2.0 F A | one | 
2.0 j ‘ 


74BCT 74BCT 
Ta = +25°C _ 
Parameter Veo = +5.0V Ta, Vcc Com 


Setup Time, HIGH or LOW 
D, to LE 


Hold Time, HIGH or LOW 1.5 1.5 
Dp to LE 1.5 1.5 


LEPulseWidth HIGH | 30 | Ts 


Extended AC Electrical Characteristics: see sections 


74BCT 74BCT 
T Com fe 
V a Chi Ta = Com 
ce Vec = Com 
Parameter CL = 50 pF C=: 250 oF 
8 Outputs Switching pa sis 4). 
ae 3) 
Me) 0 


proseaaian Delay 
Data to Output 


Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase {i.e., all low-to-high, high- 
to-low, etc.). 

Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. This specification pertains to single output switching only. 


Capacitance 


symbol | __Parameter___—|| Typ _| Units | Conditions 
Input Pin Capacitance | 5s | pF Voc = 5.0V 
Output Pin Capacitance | a | pF | Voc = 5.0V 
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374 


ZA National 


Semiconductor 
74BCT374 | 


Octal D Flip-Flop with TRI-STATE® Outputs 


General Description 


The 'BCT374 is a high-speed, low-power octal D-type flip- 
flop featuring separate D-type inputs for each flip-flop and 
TRI-STATE outputs for bus-oriented applications. A buff- 
ered Clock (CP) and Output Enable (OE) are common to all 
flip-flops. : 


Ordering Code: see Section 11 
Logic Symbols 


Dp Dy Dz Dz Dy Ds Dg Dy 


Og 0; 02 0; O4 05 Og 07 


TL/F/10878-1 


IEEE/IEC 


TL/F/10878-3 


Data Inputs 
Clock Pulse Input 
(Active Rising Edge) 
TRI-STATE Output Enable 
Input (Active LOW) 
TRI-STATE Outputs 


Features 


m Edge-triggered D-type inputs 

w Buffered positive edge-triggered clock 

a TRI-STATE outputs for bus-oriented applications 

@ Low Iccz through BiCMOS techniques 

m Guaranteed 4000V minimum ESD protection 

m@ Guaranteed output skew 

m Guaranteed multiple output switching specifications 
m= Nondestructive hot insertion capability 

@ High impedance in power down (Izz and Vip) 


Connection Diagram 


Pin Assignment 
for DIP and SOIC 


1 
2 
3 
4 
5 
6 
7 
8 
9 


= 
Oo 


TL/F/10878-2 
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Functional Description 


The ’BCT374 consists of eight edge-triggered flip-flops with | 


individual D-type inputs and TRI-STATE true outputs. The 
buffered clock and buffered Output Enable are common to 
all flip-flops. The eight flip-flops will store the state of their 
individual D inputs that meet the setup and hold time re- 
quirements on the LOW-to-HIGH Clock (CP) transition. With 
the Output Enable (OE) LOW, the contents of the eight flip- 
flops are available at the outputs. When the OE is HIGH, the 
outputs go to the high impedance state. Operation of the 
OE input does not affect the state of the flip-flops. 


Logic Diagram 


Truth Table 


fe 





HIGH Voltage Level 
LOW Voltage Level 
Immaterial 


~/ = LOW-to-HIGH Clock Transition 


TL/F/10878~4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias - —55°C to + 125°C 
Junction Temperature under Bias 
Plastic : 
Voc Pin Potential 
to Ground Pin 


—55°C to + 150°C 


—0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30 mA to +5.0 mA 


- Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
DC Electrical Characteristics 


Symbol Parameter 


ViH 
ViL 


Input HIGH Voltage 

Input LOW Voltage 

Input Clamp Diode Voltage 
Output HIGH Voltage 


Vep 
VoH 


VoL 
WH 
IBvI 


lit 
lozH 
loz 
los 
ICEX 
Vip 


Output HIGH Leakage Current 
Input Leakage Test 

lzz Bus Drainage Test 
ICCH Power Supply Current 
loot Power Supply Current 


locz Power Supply Current 


_ Voltage Applied to Output 


| OutputLowvottage | 85 || Min 
jinputHiGHGurent | | | Max 


Output Leakage Current p20 |_| Max 
Output Leakage Current p20 | | Max | 
Output Short-Circuit Current -—100 — 225 | mA | Max | 
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—0.5V to + 5.5V 
—0.5V to Voc 


in the Disable or Power-Off State - 
in the High State 


Current Applied to Output 
in LOW State (Max) 


ESD Last Passing Voltage (Min) 
Over Voltage Latchup 


Twice the Rated Io, (mA) 
4000V 
Voc +4.5V 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Commercial 

Supply Voltage 
Commercial 


0°C to + 70°C 


+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —-3mA 
lon = —15mA 


lo. = 64 mA 
Vin = 2.7V 


Input HIGH Current : 7 A Vin = 7.0V 
Breakdown Test . 


Input LOW Current p= 250] A _| Max | Vin = 0.5V 


Vout = 2.7V 
Vout = 0.5V 
Vout = OV 


| nA_| Max | Vour = Voc 


Vv lip = 1.9 pA 
All Other Pins Grounded 


| pa | 0.0 | Vour = 5.25V 
| mA | Max | Vo = HIGH 
| mA_| Max | Vo = LOW 
| mA | Max | Vo = HIGHZ 





AC Electrical Characteristics: see sections for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
Min Typ 


__Maximum Clock Frequency | 70 130 


Propagation Delay 2. 
Clock to Output 2. 
2. 
2. 


0 

0 
Output Enable Time 0 
0 


Output Disable Time 









Fig. 


Symbol No. 


Ta = +25°C = 
Parameter Veo = +5.0V Tas Vcc = Com 


Min Max 


Setup Time, HIGH or LOW 7.5 7.5 
D, to CP 7.5 7.5 
.0 





Hold Time, HIGH or LOW 

Dp, to CP 

CP Pulse Width 4 
HIGH or LOW 11.5 













Parameter 







8 Outputs 
Switching 
(Note 1) 


8 Outputs 
Switching 
(Notes 1, 2) 






Switching 
(Note 2) 





Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.). 


Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. This specification pertains to single output switching only. 


Capacitance 


Typ 


| Symbol _ 
cn | Input apacitance | 60 _| 
Output Pin Capacitance | 9.0 | 
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541 


GA National 


Semiconductor 


74BCT541 


Octal Buffer/Line Driver with TRI-STATE® Outputs 


General Description 


The ’BCT541 is an octal buffer and line driver with TRI- 
STATE outputs designed to be employed as a memory and 
address driver, clock driver, or bus-oriented transmitter/re- 
ceiver. This device is functionally similar to the ’"BCT244 but 
has a broadside pinout. 


Ordering Code: see Section 11 


Logic Symbol 


IEE/IEC 


TL/F/10989-1 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial - 

Z = High Impedance 


Features . 

a Inputs and outputs on opposite sides of package allow- 
ing easy interface with microprocessors 

m Useful as input or output port for microprocessors 

mg TRI-STATE outputs for bus interfacing 

m Guaranteed 4000V minimum ESD protection 

m Guaranteed output skew 


' m Guaranteed multiple output switching specifications 


m Low Iccz through BiCMOS techniques 
m Nondestructive hot insertion capability 
m@ High impedance in power down (lzz and Vip) 


Connection Diagram 


Pin Assignment 
for DIP and SOIC 


TL/F/10989-2 


TRI-STATE Output Enable Input (Active LOW) 
Inputs 
Outputs 
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Absolute Maximum Ratings (Note 1) 


If Military/Aerospace specified devices are required, Voltage Applied to Output 
please contact the National Semiconductor Sales in the Disable or Power-Off State —0.5V to +5.5V 
Office/Distributors for availability and specifications. in the High State —0.5V to Vcc 


Storage Temperature —65°C to + 150°C Current Applied to Output 


Ambient Temperature under Bias —55°C to +125°C in LOW State (Max) Twice the Rated Io, (mA) 
Junction Temperature under Bias ESD Last Passing Voltage (Min) 4000V 


Plastic —55°C to + 150°C ‘ Over Voltage Latchup Voc +4.5V 
Vcc Pin Potential DC Latchup Source Current 500 mA 


to Ground Pin —0.5V to +7.0V DC Latchup Source Current (OE) 30 mA 
Input Voltage (Note 2) —0.5V to +7.0V 


Input Current (Note 2) —30 mA to +5.0mA Recommended Operating 


Note 1: Absolute maximum ratings are values beyond which the device may Conditions 
be damaged or have its useful life impaired. Functional operation under Free Air Ambient Temperature 


these conditions is not implied. Commercial O’C to +70°C 
Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
Supply Voltage 


Commercial +4,.5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter rest 
Typ Max 
2 


i) 
o 


Vin___|_Input HIGH Voltage ae 
Vi___| Input LOW Voltage ee 
Vop Input Clamp Diode Voltage tn been S| 


Min 

Vou Output HIGH Voltage F 
2.0 
75 


Vcc Conditions 
Recognized as a HIGH Signal. 
Recognized as a LOW Signal 
Jin = —18mA 


lon = —3MA 
lon = —15mA 


lo, = 64 mA 
Vin = 2.7V 
Vin = 7.0V 
Vin = 0.5V 
Vout = 2.7V 
VouT = 0.5V 


ye) 
h 


Vo. __| Output LOW Voltage fi 
hi Input HIGH Current tL =<, =e 
IBvi Input HIGH Current Breakdown Test 
n Input LOW Current a a 
loZH Output Leakage Current Pt 
loz- Output Leakage Current i: 


loz Output Leakage Current +100 
+20 


los Output Short-Circuit Current —100 —225 
lcex | Output HIGH Leakage Current | BOC” 


_ Bus Drainage Test F400 | 
Power Supply Current pa At ek 
Power Supply Current - 
Power Supply Current 


VouT = OV 


Vout = Voc 
fipo=1.9pA 
All Other Pins Grounded 


Vout = 5.25V 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 
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AC Electrical Characteristics: see Sections for Waveforms and Load Configurations 


74BCT 74BCT 
Ta.= +25°C = 
Parameter Vec = + 5.0V = 
ea = 50 pF = 


Propagation Delay 
Data to Output 


Ta = Com 
Vec = Com 
C. = 50 pF 
8 Outputs 
Switching 
aaa 3) 


Ta = Com 
Vcc = Com 
C. = 250 pF 

1 Output 

Switching 

(Note 4) 


Ta = Com 
Vcc = Com 
C. = 250 pF 

8 Outputs 

Switching 
(Notes 3, 4) 





| Propagation Delay oe : 
Data to Output 


losHL Pin to Pin Skew 

(Note 1) | HL Data to Output 

tosiy Pin to Pin Skew 

(Note 1) | LH Data to Output 

tosT Pin to Pin Skew 40 
(Note 1) | LH/HL Data to Output i 
tpy Device to Device Skew At 
(Note 2) | LH/HL Data to Output ; 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tgsp ), LOW to HIGH (tos_H), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tost). The specification is guaranteed but not tested. 

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Voc) from device to device. This specification is guaranteed but not tested. 
Note 3: This specification is guaranteed but not tested. The limits wiaed to propagation delays for all paths described switching in phase ({i.e., all low-to-high, high- 
to-low, etc.) 

Note 4: These specifications guaranteed but not tested. The limits represent propagation delay swith 250 pF load capacitors in place of the 50 pF load capacitors 
in the standard AC load. This specification pertains to single output switching only. 
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Capacitance 


Conditions 


Input Capacitance 
Output Pin Capacitance 
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ZA National 


Semiconductor 


74BCT543 


Octal Registered Transceiver 


General Description 


The ’BCT543 octal transceiver contains two sets of D-type 
latches for temporary storage of data flowing in either direc- 
tion. Separate Latch Enable and Output Enable inputs are 
provided for each register to permit independent contro! of 
inputting and outputting in either direction of data flow. The 
A outputs are guaranteed to sink 24 mA while the B outputs 
are rated for 64 mA. 


| Ordering Code: see Section 11 


Logic Symbols 


TL/F/10948-1 


IEEE/IEC 


TL/F/10948-4 


Features 

m@ 8-bit octal transceiver 

m Back-to-back registers for storage 

m Separate controls for data flow in each direction 
g A outputs sink 24 mA 

w B outputs sink 64 mA 

@ Low Iccz through BiCMOS techniques 

@ Guaranteed output skew 

@ Guaranteed multiple output switching specifications 
m Guaranteed 4000V minimum ESD protection 

m@ Guaranteed latchup protection 

m Nondestructive hot insertion capability 

m@ High impedance in power down (lzz and Vip) 


Connection Diagram 


Pin Assignment for 
DIP and SOIC 


1 
2 
3 
4 
5 
6 
7 
8 
9 


-TL/F/10948-2 





10-44 


Description 


A-to-B Output Enable Input (Active LOW) 

B-to-A Output Enable Input (Active LOW) 

A-to-B Enable Input (Active LOW) 

B-to-A Enable Input (Active LOW) 

A-to-B Latch Enable Input (Active LOW) 

B-to-A Latch Enable Input (Active LOW) 

A-to-B Data Inputs or B-to-A TRI-STATE® Outputs 
B-to-A Data Inputs or A-to-B TRI-STATE Outputs 


Functional Description 


The 'BCT543 contains two sets of eight D-type latches, with 
separate input and output controls for each set. For data 


flow from A to B, for example, the A-to-B Enable (CEAB) ~ 


input must be LOW in order to enter data from Ag—A7 or 
take data from Bg-B7, as indicated in the Data I/O Control 
Table. With CEAB LOW, a LOW signal on the A-to-B Latch 
Enable (LEAB) input makes the A-to-B latches transparent; 
a subsequent LOW-to-HIGH transition of the LEAB signal 
puts the A latches in the storage mode and their outputs no 
longer change with the A inputs. With CEAB and OEAB both 
LOW, the TRI-STATE B output buffers are active and reflect 
the data present at the output of the A latches. Control of 
data flow from B to A is similar, but using the CEBA, LEBA 
-and OEBA inputs. 
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Data I/O Control Table 


Latch Status | Output Buffers 


Latched 


High Z 
Latched —_ 
Transparent _ 
High Z 
Driving 





H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

A-to-B data flow shown; B-to-A flow control 

is the same, except using CEBA, LEBA and OEBA 





evs 





543 


Logic Diagram 


DETAIL Ax7 


eo TL/F/10948-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating$ (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias 
Plastic 
Voc Pin Potential to 
Ground Pin 


— 55°C to + 150°C 


—0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 


Input Current (Note 2) —30 mAto +5.0mA 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 
Symbol Parameter 


ViH 
Vit 


Input HIGH Voltage 

Input LOW Voltage 

Input Clamp Diode Voltage 
Output HIGH Voltage 


| Outputow voltage | 85 || Min 


Vcp 
Vou 


VoL 
NH 


IBvi Input HIGH Current 


Breakdown Test 





IBvit 
IcEx 


Input HIGH Current 


| mm 
Input HIGH Current Breakdown(vO) | 08 | mA | Max | 
Output HIGH Leakage Curent | 60 | A | Max 


10-47 


Voltage Applied to Output 
in the Disable or Power-Off State 
in HIGH State 


Current Applied to Output 
in LOW State (Max) 


ESD Last Passing Voltage (Min) 
DC Latchup Source Current 
Over Voltage Latchup 


—0.5V to +5.5V 
—0.5V to Vcc 


twice the rated Io. (mA) 
4000V 

500 mA 

Voc + 4.5V 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Commercial 

Supply Voltage 
Commercial 


0°C to + 70°C 


+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —3mA 
lon = —15mA 


lo. = 64mA 
VIN = 2.7V 


Vin = 7.0V 
(OEAB, OEBA, LEAB, 
LEBA, CEAB, CEBA) 


Vin = 5.5V (An, Bn) 
Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 





EPS 
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DC Electrical Characteristics (Continued 
Symbol Parameter Conditions 


hie Input LOW Current ; Vin = 0.5V (OEAB, OEBA) 
Vin = 0.5V (CEAB, CEBA) 


li + lozH | Output Leakage Current a Vout = 2.7V (An, Bn) 
lin, + loz_ {| Output Leakage Current VouT = 0.5V (Ap; Bn) 


los Output Short-Circuit Current . Vout = OV (An) 
Vout = OV (Bn) 


lzz Bus Drainage Test : Vout = 5.25V (An; Bn) 
ICCH Power Supply Current Vo = HIGH 

IocL Power Supply Current Vo = LOW 

Iocz . Power Supply Current Vo = HIGH Z 


AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations 


74BCT 74BCT 


‘Ta = +25°C 
’ Parameter . Veco = +5.0V 
C_ = 50 pF 


Ta: Voc = Com 
C. = 50 pF 


teLH Propagation Delay 
teHL Transparent Mode 
An to By or Bn to An 


tpLH Propagation Delay 
tpHL CEBA or LEAB to Ap, or By 


Output Enable Time 
tpzH OEBA or OEAB to A, or By 
tpzL CEBA or CEAB to Ay or By 


Output Disable Time 
tpHz OEBA or OEAB to Ap or By 
tpLz CEBA or CEAB to A, or By 


tOSHL Pin to Pin Skew 

(Note 1) HL Data to Output 

tosLH Pin to Pin Skew 

(Note 1) LH Data to Output 

tost Pin to Pin Skew 

(Note 1) LH/HL Data to Output 

tpy Device to Device Skew 40 
(Note 2) LH/HL Data to Output . 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tosp1), LOW to HIGH (tos_H), or any combination switching LOW to HIGH and/or HIGH to LOW 


(tost). 


Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. 





=] 
on 
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AC Operating Requirements: See Sections for Waveforms 


74BCT 74BCT 


Ta = +25°C 


fee tt = +5.0V Ta, Vec = Com 


Parameter 


Setup Time, HIGH or LOW 
Ap or By, to LEBA or LEAB 


4.5 

3.0 3.5 

Hold Time, HIGH or LOW 1.5 1.5 

An or By to LEBA or LEAB 3.0 3.5 
Latch Enable, B to A . | | 


Extended AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations 


Parameter 
8 Outputs Cy = 250 pF 


Switching (Note 4) 
(Note 3) 


Propagation Delay Transparent ; 9.8 
Mode Ap to Br or By to An : 10.6 


Propagation Delay . 13.4 
LEBA to A, : 13.2 


Propagation Delay . 13.0 
LEAB to By, . 13.0 


Note 3: This specification i is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase {i.e., all low-to-high, high- 
to-low, etc.). 

Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. This specification pertains to single output switching only. 


Capacitance 


Parameter 


Control Inputs 
Output Pin Capacitance 
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ZANational 


Semiconductor 


74BCT573 


Octal D Latch with TRI- STATE® Outputs 


General Description 


The 'BCT573 consists of eight latches with TRI-STATE out- 
puts for bus oriented applications. The flip-flops appear 
transparent to the data when Latch Enable (LE) is HIGH. 
When LE is LOW, the data that meets the setup times is 
latched. Data appears on the bus when the Output Enable 
(OE) is LOW. When OE is HIGH the bus output is in the high 
impedance state, This device is functionally identical to the 
“BCT373 but has a broadside pinout. 


Ordering Code: see Section 11 
Logic Symbol 


Dp Dy Dp Ds Dy Ds Dg Dy 


0g 0, 0» 0; 0, Os 05 07 


TL/F/10879-1 


IEEE/IEC 


TL/F/10879-3 


Features 


m Inputs and outputs on opposite sides of package allow- 
ing easy interface with microprocessors 

m Useful as input or output port for microprocessors 

@ Functionally identical to the ’BCT373 

mg TRI-STATE outputs for bus interfacing 

m Guaranteed 2000V minimum ESD protection 

mw Guaranteed multiple output switching specifications 

m@ Guaranteed 500 mA minimum latchup protection 

m Low Iccz through BiCMOS techniques 

@ Nondestructive hot insertion capability 

m@ High impedance in power down (lzz and Vip) 


Connection Diagram 


Pin Assignment for 
DIP and SOIC 


1 
2 
3 
4 
5 
6 
7 
8 
9 


= 
o 


TL/F/10879~2 
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Functional Description 


The ’BCT573 contains eight D-type latches with TRI-STATE Function Table 
output buffers. When the Latch Enable (LE) input is HIGH, 
data on the D, inputs enters the latches. In this condition 
the latches are transparent, i.e., a latch.output will change 
state each time its D input changes. When LE is LOW the 
latches store the information that was present on the D in- 
puts a setup time preceding the HIGH-to-LOW transition of 
LE. The TRI-STATE buffers are controlled by the Output 
Enable (OE) input. When OE is LOW, the buffers are in the 
bi-state mode. When OE is HIGH the buffers are in the high 
impedance mode but this does not interfer with entering 
new data into the latches. 





H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Oo = Value stored from previous clock cycle 


_ Logic Diagram 


TL/F/10879-4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias 
Plastic 
Vcc Pin Potential to. 
Ground Pin 


—58°C to + 150°C 


—-0.5V to + 7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30mAto +5.0mA 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


VIH 
Vit 


Input HIGH Voltage 

Input LOW Voltage 

Input Clamp Diode Voltage 
Output HIGH Voltage 


Vco 
Vou 


Output LOW Voltage 
Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Input LOW Current 
Output Leakage Current 


VOL 
IH 


Output Leakage Current 
Output Leakage Current _ 


Output Short-Circuit Current 
Output HIGH Leakage Current 
Input Leakage Test 


Bus Drainage Test 
Power Supply Current 
Power Supply Current 


Power Supply Current 


—100 —225 
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Voltage Applied to Output 
in the Disable or Power-Off State 
in the HIGH State 


Current Applied to Output 
in LOW State (Max) 


ESD Last Passing Voltage (Min) 
Over Voltage Latchup 


—0.5V to +5.5V 
—0.5V to Voc 


Twice the Rated Io, (mA) 
2000V 
Voc + 4.5V. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Commercial 

Supply Voltage 
Commercial 


0°C to + 70°C 


+4,5V to +5.5V 


< 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —3mA 
lon = —15mA 


lo. = 64mA 
Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
OV-5.5V | Vout = 2.7V 
OV-5.5V | Vout = 0.5V 


OV-2.0V | OE = 2.0V, Vout = 0.5V or 2.7V (Power Up) 
1.8V-OV | OE = 2.0V, Vout = 0.5V or 2.7V (Power Down) 


Vout = 0V 
Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Vout = 5.25V 
Vo = HIGH 
Vo = LOW 
Vo = HIGH Z 


——_ 
baa he| 
ve 
| Min _| 
| Max_| 
| Max_| 
[ov-5.5V | 
jov-5.5V | 
| Max_| 
| Max_| 
| oov_| 


[=] 


OV 
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AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = +5.0V 
CL = 50 pF 


Propagation Delay 
Data to Output 


74BCT 74BCT 
Lee, | = +25°C 
Parameter = 
tes = +5.0V Ta, Veco = Com 


ere ee a Time, HIGH or LOW 
ere ee a to LE 


Hold Time, HIGH or LOW 
D, to LE 


LE Pulse Width, HIGH 


Parameter Cy. = 250 pF C._ = 250 pF 
8 Outputs 1 Output 8 Outputs 
Switching Switching Switching 

(Note ie re (Note 2) (Notes 1, 2) 


Propagation Delay 2.0 . ; : 4.0 
Data to Output 3.5 ; : A 6.0 
Propagation Delay 4.0 E : y 6.0 
LEtoOn - 4.0 . : : 6.0 


Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc). 


Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. This specification pertains to single output switching only. 
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Capacitance 


[ome |__Pomnene [oe | oa T Conditions 


InputCapacitance | 6.0 || pF | Voc = 5.0V 
Output Pin Capacitance | 400 | pF | Voc = 5.0V 
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GA National 


Semiconductor 


74BCT574 


Octal D Flip-Flop with TRI-STATE® Outputs 


General Description 


The ’BCT574 is a high-speed, low power octal flip-flop with 
a buffered common Clock (CP) and a buffered common 
Output Enable (OE). The information presented to the D 
inputs is stored in the flip-flops on the LOW-to-HIGH Clock 
(CP) transition. 


This device is functionally identical to the ’BCT374 but has a 
broadside pinout. 


Ordering Code: see Section 11 
Logic Symbols 


Do Dy Dy D3 D, Ds Dg Dz 


0o 0, 0, 03 0, Os Og 07 


TL/F/10880-1 


. IEEE/IEC 


TL/F/10880-3 


Features 

Inputs and outputs on opposite sides of package 
allowing easy interface with microprocessors 
Useful as input or output port for microprocessors 
Functionally identical to the ’BCT374 

TRI-STATE outputs for bus interfacing 
Guaranteed 4000V minimum ESD protection 
Guaranteed multiple output switching specifications 
Guaranteed 500 mA minimum latchup protection 
Low Iccz through BICMOS techniques 
Nondestructive hot insertion capability 

High impedance in power down (lzz and Vip) 


Connection Diagram 


Pin Assignment 
for DIP and SOIC 


1 

2 
3 
4 
5 
6 
7 
8 
9 


—_ 
oO 


TL/F/10880~-2 
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Functional Description 


The 'BCT574 consists of eight edge-triggered flip-flops with 
individual D-type inputs and TRI-STATE true outputs. The 
buffered clock and buffered Output Enable are common to 
all flip-flops. The eight flip-flops will store the state of their 
individual D inputs that meet the setup and hold time re- 
quirements on the LOW-to-HIGH Clock (CP) transition. With 
the Output Enable (OE) LOW, the contents of the eight flip- 
flops are available at the outputs. When the OE is HIGH, the 
outputs go to the high impedance state. Operation of the 
OE input does not affect the state of the flip-flops. 


Logic Diagram 


Truth Table 


Internal | Output 


W Voltage Level 
mmaterial 
High Impedance 
~Y = LOW-to-HIGH Clock Transition 


TL/F/10880-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to +125°C 
Junction Temperature under Bias 

Plastic —55°C to + 150°C 
Vcc Pin Potential 

to Ground Pin —0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30 mA to +5.0mA 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Voltage Applied to Output 
in the Disable or Power-Off State —-0.5V to +5.5V 
in the High State —0.5V to Voc 


Current Applied to Output 
in LOW State (Max) Twice the Rated Io, (mA) 


ESD Last Passing Voltage (Min) 4000V 
Over Voltage Latchup Voc +4.5V 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 

Commercial 0°C to +70°C 
Supply Voltage 

Commercial _+4.5V to +5.5V 


Symbol Parameter ABET te Vcc Conditions 


Min Typ Max 


Vin___| Input HIGH Voltage 120 {| v |__| Recognized as a HIGH Signal 
Vi___| Input LOW Voltage | sos | v |_| Recognized as a LOW Signal 
Vop _| InputClampDiode Voltage | -12| v | Min | ln =—18mA 


VoH Output HIGH Voltage 2.4 Vv lon = —3mA 

2.0 - lon = —15mA 
Vo. | Output LOW Voltage | oss | v | Min | Io. = 64ma 
hy __| Input HIGH Current pS | A | Max_| Vin = 2.7V 


Breakdown Test 
Nit Input LOW Current | 250] pA | Max | Vin = 0.5V 
1oZH Output Leakage Current | 20 | pa | ov-s.5v) Vout = 2.7V 
lozt__|OutputLeakage Curent |= 20 |__| 0V-5.5V| Vour = 0.5V_ 
ies OV-2.0V | OE = 2.0V, Vour = 0.5V or 2.7V (Power Up) 
1.6V-OV | OE = 2.0V, Vout = 0.5V or 2.7V (Power Down) 
los | Output Shortircuiturrent_ | -100 —~225| mA | Max_| Vour = ov 
loex | OuiputHIGH Leakage Current] 50 | WA | Max_| Vour = Voc 


Vip Input Leakage Test 475 Vv 


lip = 1.9 pA 
All Other Pins Grounded 
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AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations 


Ta = +25°C 


Parameter Vec = +5.0V 
Cy, = 50 pF 


M Typ Max | Min Max 
77 
2.8 9.4 
2.8 8.9 
3.7 9.5 
3.7 9.5 
1.3 7.5 
1.3 6.9 





in 
Maximum Clock Frequency | 77 | 
Propagation Delay 2.8 6.5 9.4 
Clock to Output 2.8 5.5 8.9 
Output Enable Time 3.7 6.0 9.5 
3.7 6.5 9.5 
Output Disable Time 1.3 4.5 7.5 
1.3 4.5 6.9 


AC Operating Requirements: see Section 8 for Waveforms 


74BCT 74BCT 
Ta = +25°C Gae 
Parameter Veo = +5.0V Ta, Vec = Com 


Setup Time, HIGH or LOW 
Dp to CP 


45 4.6 : 
6.0 6.0 
Hold Time, HIGH or LOW 0.0 0.0 
D, to CP 0.0 0.0 
CP Pulse Width 5.5 
HIGH or LOW 5.5 


Extended AC Electrical Characteristics 


Ta = Com Ta = Com Ta = Com 

Vcc = Com Vcc = Com Vcc = Com 

C_ = 50 pF Cy = 250 pF C. = 250 pF 
Parameter 8 Outputs 1 Output 8 Outputs 
Switching _ Switching Switching 

(Notes 1, 2) 


Propagation Delay 4.0 
Clock to Output 4.0 


Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.). 

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. This specification pertains to single output switching only. 


Capacitance 


Symbol 
Input Capacitance | 6.0 | pF 
Output Pin Capacitance 
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ZANational 


Semiconductor 
74BCT646 


Octal Transceiver/Register with TRI-STATE® Outputs 


General Description 


This device consists of bus transceiver circuits with TRI- 
STATE, D-type flip-flops, and control circuitry arranged for 
multiplexed transmission of data directly from the input bus 
or from the internal registers. Data on the A or B bus will be 
clocked into the registers as the appropriate clock pin goes 
to a high logic level. Control G and direction pins are provid- 
ed to control the transceiver function. In the transceiver 
mode, data present at the high impedance port may be 
stored in either the A or the B register or in both. The select 
controls can multiplex stored and real-time (transparent 
mode) data. The direction control determines which bus will 
receive data when the enable control G is Active LOW. In 
the isolation mode (contro! G HIGH), A data may be stored 
in the B register and/or B data may be stored in the A regis- 
ter. 


Ordering Code: see Section 11 
Logic Symbols 


By B, Bp Bs & By Bs B, 


TL/F/10949-1° 


Features 

mg Independent registers for A and B buses 

gm Multiplexed real-time and stored data 

g Low Iccz through BICMOS techniques 

gm TRI-STATE outputs drive bus lines 

m Output sink capability of 64 mA, source capability of 
15 mA 

m Guaranteed multiple output switching specifications 

g Guaranteed 4000V minimum ESD protection 

w Guaranteed 500 mA minimum latchup protection 

m= Nondestructive hot insertion capability 

m High impedance in power down (lzz and Vip) 


IEEE/IEC 


TL/F/10949-2 
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Connection Diagram 


Pin Assignment 
for DIP and SOIC 


* Ag-A7z : Data Register A Inputs/TRI-STATE Outputs 
Bo-B7 Data Register B Inputs/TRI-STATE Outputs 


CPAB, CPBA Clock Pulse Inputs 
SAB, SBA Select Inputs 

G Output Enable Input - 
DIR Direction Control Input 





oaent Pm UF WwW NY 


_~_ 
nv = ©& 


TL/F/10949-3 


Function Table 
Inputs Data 1/0* 
DIR CPAB CPBA SAB SBA Ao-A7 | ‘Bo-B7 


HorL HorL 
Sf xX 


Function 


Isolation 
Input Clock A, Data into A Register _ 
Clock Bp Data into B Register 


Ap to Bh —Real Time (Transparent Mode) 
Clock Ap, Data into A Register 

A Register to By, (Stored Mode) 

Clock A, Data into A Register and Output to Bn 


X SY 
X X 
/ xX 
HorL X 
X 
x Br to A,—Real Time (Transparent Mode) . 
fe Clock B,, Data into B Register 


B Register to A, (Stored Mode) 
Clock B, Data into B Register and Output to Ap, 


a 
Xx 
xX 
Xx Hort 
X Sf 


*The data output functions may be enabled or disabled by various signals at the G and DIR Inputs. Data input functions are always enabled; i.e., data at the bus 
pins wilt be stored on every LOW-to-HIGH transition of the clock inputs. : 

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Irrelevant 

~ = LOW-to-HIGH Transition 


G 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 


reece corTirTrl KK x 
xx x<K «KID Eeol KK XK 
ror erl}y KK KK LK OK XK 
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Logic Diagram 


G 


1 OF 8 CHANNELS 


TO 7 OTHER CHANNELS 
TL/F/10949-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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- Ambient Temperature under Bias 


' Vcc Pin Potential to 


Absolute Maximum Ratings (note 1) 


lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature 
—55°C to +125°C 
Junction Temperature under Bias 


Plastic —55°C to + 150°C 


—0.5V to + 7.0V 
input Voltage (Note 2) _ —0.5V to +7.0V 
input Current (Note 2) © —30 mA to + 5.0 mA 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. : : 


Ground Pin 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


ViH 
Vit 
Vep 
VoH 


Input HIGH Voltage 

Input LOW Voltage 

Input Clamp Diode Voltage 
Output HIGH Voltage 


Output LOW Voltage 
Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Input HIGH Current 
Breakdown.(I/O) 


Output HIGH 
Leakage Current 


VoL 
Uh 
Ipvi 


Ipvit 


ICEX 


Input Leakage 
Test 


NL Input LOW Current 
li + lozH 
Nit + loz 
los 

Izz 

ICCH 


Output Leakage Current 
Output Short-Circuit Current 
Bus Drainage Test 

Power Supply Current 

loot Power Supply Current 


Iocz 


Power Supply Current 


—65°C to + 150°C © 


. ESD Last Passing Voltage (Min) 


P 
> 


Output Leakage Current 


ee ee 
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Voltage Applied to any Output 
in the Disable or Power-Off State 
in the HIGH State 


Current Applied to Output 
in LOW State (Max) 


—0.5V to +5.5V 
—0.5V to Voc 


twice the rated Io, (mA) 
4000V 

500 mA 

Voc + 4.5V 


DC Latchup Source Current 
Over Voltage Latchup 


Recommended Operating 


Conditions _— 
Free Air Ambient Temperature 
’. Commercial 
Supply Voltage 
Commercial 


0°C to +70°C 


+4.5V to + 5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18 mA (Non I/O Pins) 


lon = —3mA 
lon = —15mA 


lop = 64mA 
Vin = 2.7V (Non I/O Pins) 
Vin = 7.0V (Non I/O Pins) 


Vin = 5.5V (An; Bn) 


Your = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Vin = 0.5V (Non I/O Pins) 
Vout = 2.7V (An; Bn) 
Vout = 0.5V (Ap; Bn) | 
Vout = 0V 

Vout = 5.25V 

Vo = HIGH 

Vo = LOW 

Vo = HIGHZ 


. mA 


mA 
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AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations 


74BCT 74BCT 
Ta = +25°C 
Parameter Vcc = +5.0V 
C. = 50 pF 
Min Typ Max | Min Max_ | 
83 165 | 8s 


Maximum Clock Frequency 
5.9 8.8 9 
5.9 8.8 9 
Propagation Delay 7.5 9 
Bus to Bus 5.8 9.2 
6.6 11.0 11.3 
6.6 11.0 11.3 


' Propagation Delay 2 9. 
Clock to Bus 2 9. 
i 4.6 2 8. 
2 9.8 
Propagation Delay 3 
SBA or SAB to A or B 3 
4 
4 
8.8 
8.8 


Disable Time 
GtoAorB 
Enable Time 


DIR toAorB 


Disable Time 
DIR toAorB 


4.0 8.8 2 
5.0 8.8 2 
8.0 14.4 4 14.4 
9.0 14.4 4 14.4 
5.0 11.1 2 11.1 
6.0 11.1 2. 11.1 


AC Operating Requirements: see Section 8 for Waveforms 


74BCT 74BCT 
Ta=+25°C - et 
_Parameter Voc = +5.0V Ta, Vec = Com 


Setup Time, HIGH or LOW 
Bus to Clock 


Hold Time, HIGH or LOW 

Bus to Clock 
5.0 
5.0 


2.8 8 

2.8 8 

2.4 4 

2.4 4 

3.0 0 

3.0 0 
Enable Time 4.0 8.0 12.9 .O 13.2 
GtoAorB 4.6 8.8 13.9 6 14.4 

2.0 0 

2.0 RO) 

4.0 0 

4.0 .O 

2.0 0 

2.0 0 


Clock Pulse Width 
HIGH or LOW 
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Extended AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations 


Ta = Com Ta = Com Ta = Com 
Vec = Com Vec = Com Vcc = Com 
C._ = 50 pF C, = 250 pF C. = 250 pF 
Parameter 8 Outputs 1 Output 8 Outputs | 
Switching - : Switching Switching 
aa ae 1) (Note 2) (Notes 1,2) — 


Propagation Delay Hee . 4.0 12.0 4.0 
Clock to Bus 10:5 4.0 12.0 4.0 


Propagation Delay ~ 10.5 4.0 _ 11.0 _ 40 
Bus to Bus ~ 10.5 . 4.0 11.0 4.0 


_| Propagation Delay 12.5 4.0 14.2 — 4.0 
SBA or SABto Aor B- - 12.5 4.0 14.2 4.0 


Note 1: This specification is guaranteed but not tested. The limits apply to propagation ane for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc. ). 





Note 2: These specifications guaranteed but not tested. The limits represent propagation delays with 250 pF load comacis in place of the 50 pF load capacitors 
in the standard AC load. This specification pertains to ange output switching only. 
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Capacitance 


eas 





Input/Output Pin Capacitance 
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Conditions 


Voc = 5.0V 
(Control Inputs) 


Vcc = 5.0V 


‘ (An, Bn) 
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ZZ National | 


Semiconductor 


74BCT652 


Octal Transceiver/Register with TRI- STATE® Outputs 


General Description 


This device consists of a bus transceiver circuit with D-type 
flip-flops, and control circuitry arranged for multiplexed 
transmission-of data directly from the input bus or from inter- 
nal registers. Data on the A or B bus will be clocked into the 
registers as the appropriate clock pin goes to HIGH logic 
level. Output Enable pins (OEAB, OEBA) are provided to 
control the transceiver function. 


Ordering Code: see Section 11 
Logic Symbols 


IEEE/IEC 


EN1 (BA) 
EN2 (AB) 


TL/F/10950-1 


OEAB 


By _B, By Bs BB Be B, 


TL/F/10950-3 


Features 

m Independent registers for A and B buses 

m= Multiplexed real-time and stored data 

a Low Iccz through BiCMOS techniques 

@ Guaranteed multiple output switching specifications 
™ Guaranteed 4000V minimum ESD protection 

m Guaranteed latchup protection 

@ Nondestructive hot insertion capability 

m@ High impedance in power down (Izz and Vip) 

= TRI-STATE® outputs drive bus lines 


Connection Diagram 


Pin Assignment 
DIP and SOIC 


"yo < 
38 
> 


> 


1 
2 
3 
4 
5 
6 
7 
8 
9 


°o 


PPP OP PP Po 
b+] 


= 
nn 


TL/F/10950-2 
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Pin Names 
Ao-A7, Bo-B7 


Description 


A and B Inputs/ 


TRI-STATE® Outputs 


CPAB, CPBA 
SAB, SBA 
OEAB, OEBA 


Logic Diagram 
OEBA 


OEAB 
CPBA 


t 
t 
t 
1 
re 
! 
1 
( 
t 
to 


Clock Inputs 
Select Inputs 
Output Enable Inputs 


TO 7 OTHER CHANNELS 


TL/F/10950-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


Functional Description 

In the transceiver mode, data present at the HIGH imped- 
ance port may be stored in either the A or B register or both. 
The select (SAB, SBA) controls can multiplex stored and 
real-time. 

The examples in Figure 7 demonstrate the four fundamental 
bus-management functions that can be performed with this 
device. . 

Data on the A or B data bus, or both can be stored in the 
internal D flip-flop by LOW to HIGH transitions at the appro- 


priate Clock Inputs (CPAB, CPBA) regardless of the Select 
or Output Enable Inputs. When SAB and SBA are in the real 
time transfer mode, it is also possible to store data without 
using the internal D flip-flops by simultaneously enabling 
OEAB and OEBA. In this configuration each Output reinforc- 
es its Input. Thus when all other data sources to the two 


- sets of bus lines are in a HIGH impedance state, each set of 
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bus lines will remain at its last state. 
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Note A: Real-Time Note B: Real-Time Note C: Storage Note D: Transfer Storage 
Transfer Bus B to Bus A Transfer Bus A to Bus B Data to Aor B 


BUS A 


See) 
TL/F/10950-8 a 

‘ TL/F/10950-6. TL/F/10950-7 OEAB OEBA CPAB CPBA SAB SBA TL/F/10950~—9 

OEAB ODEBA CPAB CPBA SAB SBA OQEAB OEBA CPAB CPBA SAB SBA x H a x x X OQEAB OEBA CPAB CPBA SAB SBA 


we iB - ie. ee” i rig H HH xX xX  bL xX tC kX Kk ww xX xX H  L- Hork Horl HX 
tL HH fF fF K xX 


ae 
BRE 


FIGURE 1 


Inputs Inputs/Outputs (Note 1) Operating Mode 
_cpaB | CPBA Bo thru By | 


Not Specified Store A, Hold B 


| input Store A in Both Registers 


eo Not Specified | input | Hold A, Store B 
Store B in Both Registers 


Hoth se 

fee ile axe. | Real-Time B Data to A Bus 

Store B Data to A Bus 

[ee Real-Time A Data to B Bus 

HorL | x | Stored A Data to B Bus 

Stored A Data to B Bus and 

H = HIGH Voltage Level 

L = LOW Voltage Level 


X = Immaterial 
~/~ = LOW to HIGH Clock Transition 


Note 1: The data output functions may be enabled or disabled by various signals at OEAB or OEBA inputs. Data input functions are always enabled, i.e., data at the 
bus pins will be stored on every LOW to HIGH transition on the clock inputs. 


Isolation 
Store A and B Data 


2 SIS |\ 
“HHH 
< 


\ 
\8 


Bae 


L 
X 
H 
L 
L 
L 
L 
H 
H 


x= 


\ 
*1\ 





10-68 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias 
Plastic 
Vcc Pin Potential to 
Ground Pin 


—55°C to + 150°C 


—0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30 mA to +5.0mA 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. ; 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


Vin 
Vit 


Input HIGH Voltage : 
Input LOW Voltage 

Input Clamp Diode Voltage 
Output HIGH Voltage 


Vcopb 
Vou 


Output LOW Voltage 
Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Input HIGH Current 
Breakdown (I/O) 


Output HIGH 
Leakage Current 


VoL 
1H 
IBvi 


IBvit 


ICEX 


Input Leakage Test 


lit Input LOW Current 
lig + lozH Output Leakage Current 
Output Leakage Current 


Output Short-Circuit Current 


he + loz 
los 

\zz Bus Drainage Test 
ICcH Power Supply Current 
loc Power Supply Current 


Iooz Power Supply Current 


il 
Oo 
= = 
> > 
i?) 
oO 


“NI 
| 
= 
5 


~ 
Oo 
= 
El 
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Voltage Applied to Any Output 
in the Disable or Power-Off State 
in the HIGH State 


Current Applied to Output 
in LOW State (Max) 


ESD Last Passing Voltage (Min) 
DC Latchup Source Current 
Over Voltage Latchup 


—0.5V to + 5.5V 
—0.5V to Voc 


twice the rated Io, (mA) 
4000V 

500 mA 

Voc + 4.5V. 


Recommended Operating 

Conditions 

Free Air Ambient Temperature 
Commercial 


Supply Voltage 
Commercial! 


0°C to + 70°C 


+ 4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18 mA (Non !1/O Pins) 


log = —3mA 
lon = —15mA 


lo. = 64mA 
Vin = 2.7V (Non I/O Pins) 
Vin = 7.0V (Non I/O Pins) 


= 
B 


Vin = 5.5V (An, Bn) 


Vout = Vcc (An: Bn) 


lip = 1.9 pA 
All Other Pins Grounded 


Vin = 0.5V (Non I/O Pins) 
Vout = 2.7V (An, Bn) 
Vout = 9.5V (An, Bn) 
Vout = OV 

Vout = 5.25V (An, Bn) 
Vo = HIGH 

Vo = LOW 

Vo = HIGHZ 


< 
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AC Electrical Characteristics: see Section 8 for Waveforms and Configurations 


74BCT 74BCT 
Ta = +25°C _ 
Parameter Vee = +5.0V - ees = 
Ch = 50 pF L P 


Max. Clock Frequency a 
Propagation Delay 5.9 

Clock to Bus 5.1 

Propagation Delay 1.7 4.6 

Bus to Bus 2.4 5.8 

Propagation Delay 


SBA to Aor 
SAB to B 


Enable Time 2.5 - i 8.9 2.5 

*“OEBAtoA 3.2 F 10.1 3.2 i 
Disable Time § 8.6 1.8 9.5 
*OEBAtoA # 8.6 2.4 9.5 
Enable Time il 7.1 1.5 8.1 
OEAB to B 2 8.1 2.3 8.1 

Disable Time . : 9.1 2.2 9.1 

OEAB to B 3 8.0 2.2 8.0 


AC Sperenng Requir — See Section 8 for ee 


| acts | sapere 
Ta = +25°C 
Parameter Veo = +5.0V Tas Vec = Com 


Setup Time, HIGH or 

LOW, Bus to Clock 

Hold Time, HIGH or 

LOW, Bus to Clock 
Clock Pulse Width 

HIGH or LOW 
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Extended AC Electrical Characteristics 


Ta = Com Ta = Com Ta = Com 

Vcc = Com Vcc = Com Vcc = Com 

Parameter CL =50pF — CL = 250 pF C. = 250 pF 
8 Outputs 1 Output 8 Outputs 
Switching Switching Switching 

(Note 1) (Note 2) (Notes 1, 2) 


Propagation Delay 2.8 ; d 12.0 
Clock to Bus 2.8 f : 12.0 
2.0 F : 
3.0 ; ; 


Propagation Delay 10.9 
Bus to Bus 


Propagation Delay 
SBA to Aor 
SAB to B 


Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.). 

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitor the 
standard AC load. This specification pertains to single output switching only. 


Capacitance 


| Parameter | Typ | Units, |_—__Contitions 
2.5 


Input Pin Capacitance F Voc = 5.0V 
P (Control Inputs) 
Input/Output Pin Capacitance Voc = 5.0V 
1 pF 
(An. Bn) 
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2952 


ZA National | 


Semiconductor : 


74BCT2952 
8-Bit Registered Transceiver 





General Description 


The ’BCT2952 is an 8-bit registered transceiver. Two 8-bit 
back to back registers store data flowing in both directions 
between two bidirectional buses. Separate clock, clock en- 
able and TRI-STATE® output enable signals are provided 
for each register. The output pins are guaranteed to sink 
64 mA. 


Ordering Code: see Section 11 


Logic Symbols 


Ag Ay Ay As Ag Ag Ag Az 


A 
lt oe iar Ml in ll: lt 





TL/F/10947-1 


IEEE/IEC 





PPP MP PP 


TL/F/10947-2 


Features 

= Separate clock, clock enable and TRI-STATE output 
enable provided for each register 

@ Low Iccz through BICMOS techniques 

m Guaranteed multiple output switching specifications 

m Guaranteed 4000V minimum ESD protection 

w Guaranteed latchup protection 

m Nondestructive hot insertion capability 

@ High impedance in power down (lzz and Vip) 


IEEE/IEC 


bP VE —-% 


i ee 
ay RE ee 


TL/F/10947-3 
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Connection Diagram 


Pin Assignment 
for DIP and SOIC 


oan Oo om me & BR = 


—_— = 
Be = Oo 


TL/F/10947-4 


| PinNames Description 


A-Register Inputs/B-Register TRI-STATE Outputs 
B Register Inputs/A-Register TRI-STATE Outputs 
Output Enable A-Register 


A-Register Clock 
A-Register Clock Enable 

- Output Enable B-Register 
B-Register Clock 
B-Register Clock Enable 
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- Block Diagram 


CPA 


CEA 


o> 


Output Contro! 


[ee | to | 
H 


H | x | 2 | Cisabie Outputs 
L 
H 


Z 
Enable Outputs 
H 


L 
L 


H = HIGH Voltage Level! 
L = LOW Voltage Level 
X = Immaterial 


= HIGH Impedance 
~~ = LOW-to-HIGH Transition 
NC = No Change 


Register A 
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TL/F/10947-6 


Register Function Table (Applies to A or B Register) 





Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias 
Plastic 
Voc Pin Potential to 
Ground Pin 


—55°C to + 150°C 


—0.5V to + 7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) ~—30 mA to +5.0mA 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


Vi 
Vit 
Vcp 
VoH 


Input HIGH Voltage 

Input LOW Voltage 
Input Clamp Diode Voltage 
Output HIGH Voltage 


Output LOW Voltage 
Input HIGH Current 


IBvi 
IBvIT 


Nit 
los 


IcEX 


Vio Input Leakage Test 


lz Bus Drainage Test 
IocH 
loc 


Iccz 


Power Supply Current 
Power Supply Current 
Power Supply Current 


femmes [os [oe [we 
Input HIGH Current 

[Soawow oso) | 0 | ak | Max 
| inputLOowCurrent | = 250 | mA _| Max | 
| Output Short-CircuitCurrent_ | -100 225 |_mA_| Max | 
Ina + loz | OutputLeakage Current =| 70 A | Max | 


ln + lozi_| Output Leakage Current p= 225 | nA | 
Output HIGH Leakage Current POA | Max | 


40 49 
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Voltage Applied to Output 
in the Disable or Power-Off State 
in the HIGH State 


Current Applied to Output 
in LOW State (Max) 


ESD Last Passing Voltage (Min) 
DC Latchup Source Current 
Over Voltage Latchup 


—0.5V to +5.5V 
—0.5V to Voc 


twice the rated Io, (mA) 
4000V 

500 mA 

Voc + 4.5V 


Recommended Operating 


Conditions 

Free Air Ambient Temperature 
Commercial 

Supply Voltage 
Commercial 


0°C to + 70°C. 


+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18 mA (Non I/O Pins) 


loH = —3MA 
loH = —15mA 


lo = 64mA 
Vin = 2.7V (Non-!/O Pins) 
Vin = 7.0V (Non-I/O Pins) 


Vin = 5.5V (An, Bp) 


Vin = 0.5V (Non-I/O Pins) 
Vout = 0V 

Vout = 2.7V (An, Bn) 
Vout = 9.5V (An, Bn) 
Vout = Vcc (An, Bn) 


lip = 1.9 pA 
All other Pins Grounded 


Vout = 5.25V (An, Bn) 
Vo = HIGH 

Vo = LOW 

Vo = HIGHZ 


V 
pA 0.0V 
mA 
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AC Electrical Characteristics: see Section 8 for waveforms and configurations 


74BCT 74BCT 
Ta = +25°C _ 
Parameter Vec = +5.0V btige 50 as id 
C= 50 pF bee 
Min Typ Max | Min Max 


Maximum@iock Frequency | 90 190 | 90 
2.9 
2.9 
3.4 
4.0 
2.1 
2.9 


Propagation Delay 2.9 5.5 8.1 8.1 
CPA or CPB to A, or By 2.9 5.0 8.1 81 
Output Enable Time 3.4 5.6 8.9 8.9 
OEA or OEB to Ap, or Bh 4.0 6.6 10.3 10.3 

; 2.1 7.4 
8.5 


Output Disable Time 4.4 7.4 
OEA or OEB to A, or By 2.9 5.6 8.5 


AC Oper ating Requirements: see Section 8 for waveforms and configurations 


Hold Time, HIGH or LOW 
Ap or Br to CPA or CPB 


Setup Time, HIGH or LOW 7.7 7.7 
CEA or CEB to CPA or CBP 7.7 7.7 


74BCT 74BCT 
Ta = +25°C a 
parameter: Veo = +5.0V Ta, Vcc = Com 
‘Setup Time, HIGH or LOW 
An or By to CPA or CPB 

0.0 0.0 

0.0 0.0 


Hold Time, HIGH or LOW 0.0 0.0 
CEA or CEB to CPA or CPB 0.0 0.0 
Pulse Width, HIGH or LOW 4.0 4.0 
CPA or CPB 4.0 - 4.0 
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Extended AC Electrical Characteristics 


, 74BCT 74BCT 74BCT 
Ta = Com Ta = Com Ta = Com 
Vec = Com Vcc = Com Vec = Com 
C, = 50pF C._ = 250 pF C. = 250 pF 
mameel Retarieeter 8 Outputs 1 Output 8 Outputs 
Switching Switching Switching 
ier ae 1) (Note 2) (Notes 1, 2) 


Propagation Delay : 3 4 - 10. 4.0 
CPA or CPB to A, or By : : : > 10. 4.0 


Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.). 


Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load rents in 
the standard AC load. This specification pertains to single output switching only. 


Capacitance 


| Parameter | typ | unite | Conditions 


Input Pin Capacitance F Voc = 5.0V 
P (Control Inputs) 
Input/Output Pin Capacitance 13.0 pF Voc = 5.0V 
(An; Bn) 
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827B 


GA National 


Semiconductor 
74BCT827B 


10-Bit Buffer/Line Driver with TRI-STATE® Outputs 


General Description | 


The 'BCT827B 10-bit buffer and line driver provides high 
performance bus interface buffering for wide data/address 


paths or buses carrying parity. This device is designed to be ~ 


employed as a memory and address driver, clock driver, or 
bus-oriented transmitter/receiver. 

The 'BCT827B is a functional and pin compatible replace- 
ment for the TI ’BCT29827B. 


Ordering Code: See Section 11 


Logic Symbol 


IEEE/IEC 


TL/F/10918-1 


Truth Table 


Immaterial 


H = HIGH Voltage Levet xX 
L Z = High Impedance 


= LOW Voltage Level 


Features 

= Non-inverting buffers 

w TRI-STATE outputs drive bus lines or buffer memory 
address registers . 

m Low locz through BiCMOS techniques 

m Guaranteed output skew 

m Guaranteed multiple output switching specifications 

m Guaranteed 4000V minimum ESD protection 

m= Guaranteed latchup protection 

m Nondestructive hot insertion capability 

m@ High impedance in power down (Izz and Vip) 


Connection Diagram 


Pin Assignment 
for DIP and SOIC 


1 
2 
3 
4 
5 
6 
7 
8 
9 


_— oo 
n=—- Oo 


TL/F/10918-2 


Output Enable Input (Active LOW) 
Inputs 
Outputs 
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Logic Diagram 


Dy Dg 


Y, ry 7 Vi ry Ai ft ry ry ry 
: C bs 


9% % Me) 5 05, % 03. 02 % % 


TL/F/10918-4 
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Absolute Maximum Ratings (note 1) 


If Mititary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature Under Bias —55°C to + 125°C 


Junction Temperature Under Bias 
Plastic 


Voc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 
input Current (Note 2) 


Voltage Applied to Any Output 
in the Disable or Power-Off State 
in the High State 


—55°C to + 150°C 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to +5.5V 
—0.5V toVcc 


DC Electrical Characteristics 


Symbol Parameter 


Vin Input HIGH Voltage 


ViL Input LOW Voltage 


Input Clamp Diode Voltage 
Output HIGH Voltage 


Vop 
VoH 


VoL Output LOW Voltage 
liq Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Input LOW Current 

Output Short-Circuit Current 
Output Leakage Current 
Output Leakage Current 
Output HIGH Leakage Current 
Input Leakage Test 


Bus Drainage Test ~ 
Power Supply Current F 
Power Supply Current 


Power Supply Current 


Current Applied to Output | 
in LOW State (Max) 


ESD Last Passing Voltage (Min) 
DC Latchup Source Current 500 mA 
Over Voltage Latchup Voc +4.5V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Twice the Rated lo. (mA) 
4000V 


‘ Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Commercial 

Supply Voltage 
Commercial 


0°C to + 70°C 


+4.5V to +5.5V 


Conditions 


Recognized as a 
HIGH Signal 


Recognized as a 
LOW Signal 


lin = —18mA 


lon = —3mMA 
lon = —24mA- 


lo = 64mA 
VIN = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
Vout = OV 
Vout = 2.7V 
Vout = 0.5V 
Vout = Vcc 


lin = 1.9 pA 
All Other Pins Grounded 


Vout = 5.25V 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 





AC Electrical Characteristics: see Sections for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C. = 50 pF 
| Min typ Max | Min Max | 


Propagation Delay 1.0 
Data to Output 2.0 
Output Enable Time 4.0 
4.0 

1.0 

1.0 


Output Disable Time 


toSHL Pin to Pin Skew - O8 
(Note 1) HL Data to Output ; 
tosLH Pin to Pin Skew 0.7 4 0 , 
(Note 1) LH Data to Output : , 


tost Pin to Pin Skew 
(Note 1) LH/HL 
Data to Output 


tpy Device to Device 
(Note 2) Skew LH/HL 
Data to Output 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tos), LOW to HIGH (tos_H), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tost). This specification is guaranteed but not tested. : 


Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Voc) from device to device. This specification is guaranteed but not tested. 


Extended AC Electrical Characteristics: see Sections for Waveforms and Load Configurations 


Ta = Com 
Vcc = Com Ta = Com 
C, = 50 pF Vcc = Com 
ee 8 Outputs C_ = 250 pF 
Switching (Note 2) . 
(Note 1) 


Propagation Delay 2.0 
Data to Output 4.0 


Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.¢., all low-to-high, high- 
to-low, etc.) : 

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC [oad. . 


Capacitance 


| Symbol | Parameter | Typ | Units | Conditions _ 
[Gn | inputCapacitance | 60 | pF | Voo=5.0v | 


; _ pF ; 
Capacitance ; 
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2827C 


GA National 


miconductor 


74BCT2827C | 
10-Bit Buffer/Line Driver with 250 
Series Resistors in the Outputs 


General Description 


The 'BCT2827C 10-bit buffer and fine driver provides high 
performance bus interface buffering for wide data/address 
paths or buses carrying parity. This device is designed to 
drive the capacitive inputs of MOS memory drivers, address 
drivers, clock drivers or bus-oriented transmitters/receivers. 
The 25D series resistors in the outputs reduce ringing and 
eliminate the need for external resistors. 


Ordering Code: see Section 11 
Logic Symbol 


IEEE/IEC 


TL/F/10916-1 


H = HIGH Voltage Level 
X = Immaterial 

L = LOW Voltage Level 
Z = High Impedance 


Features 

™ 259 series resistors in outputs eliminate the need for 
external! resistors 

@ Non-inverting buffers 

a TRI-STATE® outputs drive bus lines or buffer memory 
address registers 

m Low Iccz through BiCMOS techniques 

@ Guaranteed output skew 

m Guaranteed multiple output switching specifications 

@ Guaranteed 4000V minimum ESD protection 

m™ Guaranteed latchup protection 

@ Nondestructive hot insertion capability 

@ High impedance in power down (Izz and Vip) 


Connection Diagram 


Pin Assignment 
for DIP and SOIC 


on Om one wee 


TL/F/10916-2 


Output Enable Input (Active LOW) 
Inputs 
Outputs 
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Logic Diagram 


Dg Dg 


9% 03 % % 05 % 03 0 
TL/F/10916-4 


Schematic of Each Output 


Voc 


TL/F/10916-5 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 


Junction Temperature under Bias 
Plastic 


Voc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 
Input Current (Note 2) 


Voltage Applied to Any Output 
in the Disable or Power-Off State 
in the High State 


— 55°C to + 150°C 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0mA 


—0.5V to +5.5V 
—0.5V to Voc 


DC Electrical Characteristics 


Symbol Parameter 


Vin Input HIGH Voltage 


VIL Input LOW Voltage 


Input Clamp Diode Voltage 
Output HIGH Voltage 


Vcop 
VoH 


VoL Output LOW Voltage 


NH Input HIGH Current 


Input HIGH Current , 
Breakdown Test 


Input LOW Current 


Input Leakage Test 





a ae 
| Output Short-Circuit Current | -100 = 225 | mA | Max 
| OutputLeakageGurent | 20 || Max 
| OutputLeakage Curent | 20 | A | Max 
| Output HIGH Leakage Curent | 80 | A | Max 


pe fe 
Bus Drainage Test pot | 
Power Supply Current P to ts] mA Max 


Power Supply Current 33 40 | oma | Max | 
Power Supply Current ee 
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Current Applied to Output 


In LOW State (Max) 


ESD Last Passing Voltage (Min) 
DC Latchup Source Current 
Over Voltage Latchup 


Twice the Rated Io, (mA) 


4000V 
500.mA 
Voc +4.5V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Commercial 

Supply Voltage 
Commercial 


0°C to + 70°C 


+4.5V to +5.5V 


Conditions 


Recognized as a 
HIGH Signal 


Recognized as a 
LOW Signal 


in = —18mA 


lon = —3mA 
lon = —15mA 


lol = 3mA 
lo. = 15mA 


Vin = 2.7V 


re Vin = 7.0V 


Vin = 0.5V - 
Vout = OV 

Vout = 2.7V 
Vout = 0.5V 
Vout = Vcc 
lip = 1.9 pA 


All Other Pins 
Grounded 


Vout = 5.25V 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 





AC Electrical Characteristics: sce Sections for Waveforms and Load Configurations 


74BCT 74BCT 
Ta = +25°C = 
Parameter Vec = +5.0V = 
me ee = 50 pF = 
| Min Typ Max _—| 
— ft 9 


teLy Propagation Delay 

tpH Data to Output ef ss 5 2.0 

tpzH Output Enable Time 4.0 7.6 J 4.0 11.5 

tpz. 5.0 7.8 A 5.0 11.5 

tpHz Output Disable Time 2.0 4.3 8.5 2.0 10.0 

tpiz 2.0 6.1. 8.5 2.0 10.0 
tosHL Pin to Pin Skew 

(Note 1) HL Data to Output 

tostH Pin to Pin Skew 

(Note 1) LH Data to Output 

tost Pin to Pin Skew 


(Note 1) LH/HL . 
Data to Output 


tpy Device to Device 
(Note 2) Skew LH/HL 
Data to Output 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tospL), LOW to HIGH (tos_H), or any combination switching LOW to HIGH and/or HIGH to LOW 


(tost). This specification is guaranteed but not tested. 
Note 2: Propagation delay variation for a given set of conditions (j.e., temperature and Voc) from device to device. This specification is guaranteed but not tested. 


Extended AC Electrical Characteristics: see section 8 for Waveforms and Load Configurations 


Ta = Com 
Vcc = Com Ta = Com 
C._ = 50 pF : Vcc = Com 
Perameter 8 Outputs C= 250 pF 
Switching (Note 2) 
(Note ey eel 


Propagation Delay 
Data to Output 


Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.) 

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF toad capacitors in 
the standard AC load. 


Capacitance 


| Symbol | Parameter___| Typ | Units | Conditions | 
| Cin | InputCapacitance | 60 | pF | Voc = 5.0V | 


CouT Output Pin 15.0 E Voc = 5.0V 
Capacitance P 
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2828A 


ry National 


Semiconductor 


74BCT2828A 
10-Bit Buffer/Line Driver with 250, 
Series Resistors in the Outputs 


General Description 


The 'BCT2828A 10-bit buffer and line driver provides high 
performance bus interface buffering for wide data/address 
paths or buses carrying parity. This device is designed to 
drive the capacitive inputs of MOS memory drivers, address 
drivers, clock drivers or bus-oriented transmitters/receivers. 
The 250 series resistors in the outputs reduce ringing and 
eliminate the need for external resistors. 


Ordering Code: see Section 11 
Logic Symbol 


IEEE/IEC 


TL/F/10917=1 


Truth Table 


L 
H 
Z 


H = HIGH Voltage Level L = LOW Voltage Level 
X = Immaterial Z = High Impedance 


- Features 


m 250 series resistors in outputs eliminate the need for 
external resistors 

@ Inverting buffers 

@ TRI-STATE® outputs drive bus lines or buffer memory 
address registers 

a Low Iccz through BiCMOS techniques 

m Guaranteed output skew 

m= Guaranteed multiple output switching specifications 

gw Guaranteed 4000V minimum ESD protection 

™ Guaranteed latchup protection 

mg Nondestructive hot insertion capability 

a High impedance in power down (Izz and Vip) 


Connection Diagram 


Pin Assignment 
for DIP and SOIC 


oon on on &® WS BS ~~ 


=_ 
no =— & 


TL/F/10917-2 


Output Enable Input (Active LOW) 


Inputs 
Outputs 
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Logic Diagram 


~ Dg Ds 


V828~ 


V VV VV ry 
nniain 
05 


TL/F/10917-4 


Schematic of Each Output 
Vee 


Output 


TL/F/10917-5 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 


Junction Temperature under Bias 
—55°C to + 150°C 


Plastic 
Voc Pin Potential to hs 

Ground Pin —0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to + 7.0V 
Input Current (Note 2) —30 mAto +5.0mA 
Voltage Applied to Any Output 

in the Disable or Power-Off State —0.5V to + 5.5V 

in the High State —0.5V to Voc 


DC Electrical Characteristics 





Current Applied to Output 
Twice the Rated Io, (mA) 


In LOW State (Max) 
- ESD Last Passing Voltage (Min) 4000V 
DC Latchup Source Current 500 mA 
Over Voltage Latchup Voc +4.5V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired.. Functional operation under 
these conditions is not implied. 


. Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


‘Recommended Operating 
Conditions 


Free Air Ambient Temperature 


Commercial o°c to +70°C 
Supply Voltage 
Commercial +4.5V to +5.5V 


54BCT/74BCT 
Symbol Parameter Units Vcc Conditions 
Min Typ Max 
Vin Input HIGH Voltage Vv Recognized as a 
HIGH Signal 
ViL Input LOW Voltage Vv Recognized as a 
LOW Signal 
Voo InputClampDiode Voltage | 1.2 | | Min | Iiy= -18mA 
Vou Output HIGH Voltage 2.4 V lon = —3mMA 
2.0 lon = —15mA 
VoL Output LOW Voltage : ie 0.5 V lo. = 3mA 
0.8 lo. = 15mA 
he Input HIGH Current Po ex |= 27 
IBvi Input HIGH Current 7 A Vin = 7.0V 
Breakdown Test: i 
ht Input LOW Current p20 | wA | Mex_| Viv = 0.5 
los Output Short-Circuit Current —100 —225 | mA | Max | Vout = OV 
loz OutputLeakageCurent | 20 | A | Max | our = 2.7V 
loz OutputLeakage Curent | 20 | A | Max | Vour = 0.5V 
loex OutputHIGH Leakage Curent | 80 |__| Max_| Vour = Voo 
Vip Input Leakage Test lip = 1.9 pA 
4.75 Vv All Other Pins 
Grounded 
lz Bus Drainage Test po t00 || 0.0 | Vou = 8.28 
loon PowerSupplyGurent | 8.6 10 | mA | Max | Vo =HIGH 
loot Power Supply Current Pt | mA | Mex | Vo = tow 
Iocz Power Supply Current 4.0 6 | oma | Max | Vo = HIGH Z 
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V828~ 


AC Electrical Characteristics: see section 8 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C, = 50 pF 


Propagation Delay 1.0 
Data to Output 1.0 
Output Enable Time 2.5 
5.0 
2.0 
2.0 


Output Disable Time 


toSHL Pin to Pin Skew 
(Note 1) HL Data to Output 
tosLH Pin to Pin Skew 
(Note 1) LH Data to Output 


tost Pin to Pin Skew 
(Note 1) LH/HL 
Data to Output 


tpy Device to Device 
(Note 2) Skew LH/HL 
Data to Output 


Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The 
specification applies to any outputs switching HIGH to LOW (tosp.), LOW to HIGH (tos.H), or any combination switching LOW to HIGH and/or HIGH to LOW 
(tost). This specification is guaranteed but not tested. : 

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested. 


Extended AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations 


Ta = Comm 
Vec = Comm Ta = Comm 
Cy = 50 pF Vcc = Comm 
8 Outputs C,. = 250 pF 
Switching (Note 2) 
(Note 1) 


Parameter 


Propagation Delay 1.5 
Data to Output 2.5 


Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high- 
to-low, etc.) 

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in 
the standard AC load. 


Capacitance 


[-Symbot | Parameter | Typ | Unie | Gonaltons | 
cy | trputCapactanes | 60 | pF | Voc =50v_ 





CouT Output Pin Voc = 5.0V 
eon | Capacitance 18.) pr 
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Section 11 
Ordering Information and 
_ Physical Dimensions 
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Distributors 
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ABTC Advanced BiCMOS Technology 


Ordering Information 
The device number is used to form part of a simplified purchasing code where the package type and temperature range are 
defined as follows: 


74ABT XXX S C X 


Temperature Range Family L Special Variations 
74ABT = Commercial X = Devices shipped in 13” reels 
54ABT = Military QB = Military grade devices with 
. environmental and burn-in 
Device Type processing shipped in tubes 


Package Code 
S = Small Outline SOIC JEDEC bial seh tent eter ee 
Dim Ceramic DIP | M = Military (—55°C to + 125°C) 
P = Plastic DIP 

SJ = Small Outline SOIC EIAJ 

SP = Slim Plastic DIP 

SS = Shrink Small Outline SSOP (56-Lead) 

MSA = Shrink Small Outline (EIAJ, SSOP, Type II) 

L = Leadless Ceramic Chip Carrier (LCC) 
F = Flatpak , 
Q = Plastic Leadless Chip Carrier (PCC) 

SD = Slim Ceramic DIP 


ABojouyoe L SOWD!G PaduRApY OLAV 
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Integrated Bus Function (IBF) Family 


Integrated Bus Function (IBF) Family 


Ordering Information 


The device number is used to form part of a simplified purchasing code where the package ‘yee and temperature range are 
defined as follows: 


ACTQ3283T: 


74ACTQ XXXX_ VFJ 


Temperature Range Family 
74ACTQ = Commercial—TTL Compatible 
Device Type ~~ 


Package Code 
VFJ = Plastic Quad Flatpack with EIAJ Pin Spacing (PQFP) 


FR900 and FR25900: © 


The device number is used to form part of a simplified purchasing code where the package type and temperature range are 
defined as follows: 


74FR XXX SS C X 


Temperature Range Family Special Variations 
74FR = Commercial X = Devices shipped in 13” reels 


Device Type Temperature Range 


C = Commercial (0°C to + 70°C 
Package Code at ) 


SS = Small Outline (SSOP) 


ABT3284: 


The device number is used to form part of a simplified purchasing code where the package type and temperature range are 
defined as follows: 


74ABT XXXX WJG 


C 
Temperature Range Family Tes Temperature Range 
74ABT = Commercial C = Commercial (— 40°C to + 85°C) 


Device Type 
Package Code 
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BCT BiCMOS Technology 


Ordering Information 
The device number is used to form part of a simplified purchasing code where the package type and temperature range are 
defined as follows: * 


74BCT XXX S G X 


Temperature Range Family Special Variations 
74BCT = Commercial X = Devices shipped in 13” reels 


ABojouysa, SOWD!E LO 


Device Type Temperature Range 
C = Commercial (0°C to + 70°C 
Package Code al ) 
S = Small Outline (SOIC) 
P = Plastic DIP 
SP = Slim Plastic DIP 
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imensions 


Physical D 


774 National 


Semiconductor 


_ All dimensions are in inches (millimeters) 


20 Lead Ceramic Leadless Chip Carrier, Type C (LCC) 


NS Package Number E20A — 


0.063 — 0.075 


(1.600 — 1.905) 


0.350+0.008 
ibd 


a apa 


| 


oii: A 


a, 


Top View Side View 
0.003 uns. 
(0.076) MAX TYP 
MIN TYP 
0.022 wy 
Teeny et 1008 
MAX TYP (0.152) 
MIN TYP 
Detail A 


0,200 + 0.005 
(5.080 +0.127) 
TYP 







45° x 0.015+0.010 
(0.381 +0.254) 
0.015 
(0.381) Gf _ 0.007 ~0.011 
MIN TYP (0.178 —0.279) 
R TYP 
0.022 —0.028 
(0.559 — 0.711) 
0.077 0.093 3 Te 
(1.959 — 2.362) ea Ne 
0.045-0.055 ' 


(1.143 — 1.397) , 
TYP 0.067 ~ 0.083 


»| | as i 0.045 —0.055 
eee (1.143 - 1,397) 
TYP 






0.040 +0.010 
(1.016 0.254) 
3 PLCS 


45°x 


Bottom View 


E20A (REV 0} 


28 Lead Ceramic Leadless Chip Carrier, Type C (LCC) 

















NS Package Number E28A 
0.015 MIN TYP PIN #1 INDEX 
0.30040.004 TYP 45° x 0.015+£0.010 
] | 0.075 
26 4 “| 0.063 
0.011 T] 
R TYP 
ooo, _ 0.003 MIN TYP 
i SERIO .015 MAX 
0.028 typ = = ‘TYP 
0.022 ee 
4 0.022 MAX TYP 
i 7 es 006 MIN TYP 
i 
0.055 
P0045 YP (A 
a 
= 
18 2 
45° x 0.04040.010 0.083 DETAIL A DETAIL A 
08S TYP 
3 PLCS . 0.067 
TOP VIEW BOTTOM VIEW SIDE VIEW E28A (REV D) 
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20 Lead Ceramic Dual-in-Line Package (D) 
NS Package Number J20A 


0.985 
(25.019) 
MAX 


0.200.310 
(5.588 — 7.874) 


pO EO 


0.005— 0.020 
(0.127 —0.508) 


RAD TYP 0.037+0.005 
(0.940 0.127) 
0.005 0.055 +0.005 


0.290 —0.320 . (1,397 £0.127) 
(7.366 — 8.128) 


}° 


0.008 -0.012 
(0.203 — 0.305) 


|___0.310-0.410 0.310-0.410 —_|- 0.060, 0.018+0.003 
(7.874—10.41) (1. (1520) (0.457 0.076) 


BOTH ENDS 0.100+0.010 
(2.540 +0.254) 


24 Lead (0.300” Wide) Ceramic Dual-in-Line Package (D) 
NS Package Number J24F 


0.025 1.290 
(0.635) (32.77) 


0.315 MAX 
(8.001) GLASS 


0.030-0.055 

(0.762-1.397) 

RAD TYP 
0.020-0.070 
(0.508-1.778) 


0.060 +0.005 
(1.524 +0.127) 


2 oa Re 0.018 +0.003 
(2.413) Pipe (2.54 40.254) (0.457 20.076) ots) 
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—— 
0.310-0.410 | 
(7.874-10.41) 


0.020—0.060 
(0.508 — 1.524) 


0.200 
(5.080) 
MAX 
0.150 


(3.810) 0.125—0.200. 
MIN (3.175 — 5.080) 


se =| 


J20A (REV M) 


0.290—0.320 
(7.366—8.128) 


0.008-0.012 
(0.203-0.305) 
TYP 


J245(REV 6) 





suojsuawig jeoiskud 





Physical Dimensions 


14 Lead (0.150” Wide) Molded Small Outline Package, JEDEC (S) 
NS Package Number M14A 


0.150 -0.157 
(3.810 —3.988) 


0.010 —0.020 


0.335 —0.344 


(8.509 — 8.738) 


140613 «12«©217+C 10s 9B 


0.228-0.244 
(5.791 —6.198) O 


LEAD NO. 1 Da: 
IDENT 
1 


0.010 may 
(0.258) 


0.053 — 0.069 
(1.346 — 1.753) 


(0.254 0.508) * es 


B° MAX TYP 
ALL r 





0. Sle. 0.008 —0.010 


0.004 0.010 


(0.102 —0.254) 


_ 0.014-0.020 zyp 


(0.203—0.254) 

TYP ALL LEADS 
(0.102) 

Te LEAD TIPS 


sa | hae 0.016 —0,050 
ae. (0.406 — 1.270) 


(0.356 —0.508) 
TYP ALL LEADS 


M144 (REV H) 


20 Lead (0.300” Wide) Molded Small Outline Package, JEDEC (S) 


NS Package Number M20B 


0.010 ~0.029 
(0.254 -0.737) 


Pe 
0. lie 


(0.229 — 0.330) 
TYP ALL LEADS 


x45° 





0.496 -— 0.512 
(12.598 — 13,005) 


0.394 0.419 
(10.008 — 10.643) 


LEAD NO. 1 
IDENT 


0.291 —0.299 
(7.381 —7.595) 
0.093—0.104 


ri ; (2.362 — 2.642) 
Y 


6° MAX TYP 
ALL LEADS 


0.016 —0.050 
(0.406 — 1.270) 
TYP ALL LEADS 


(0.102) 


0.004 
ALL LEAD TIPS 
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0.000.012. 
(0.102—0.305) 


0.014 —0.020 typ 
(0.356 — 0.508) 


M208 (REV F) 





20 Lead (0.300” Wide) Molded Small Outline Package, EIAd (SJ) 
NS Package Number M20D 


q jeaiskud 


0.492 - 0.500 
(12.50 - 12.70) 


17 16 15 


SUOISUSUI! 


0.295 - 0.319 0.205 - 0.213 
(7.493 - 8.103) (5.207 - 5.410) 


The 


(0.406 - 0: 787) 
DETAIL F 


0.071 pee 0.067 - 0.083 
0.006 ~ 0.010 (1.803) (1.702 - 2.108) 


(0.152 - 0.254) 


ie 0. 049 = | | 0.050 
(1.245) 245) FE (1.270) 0.000 - 0.010 auc 010 


ae PLANE 
(0.000 - 0.254) 


SEE DETAIL F 0,014 - 0.020 
(0.356 - 0.508) 


M20D (REV A) 


24 Lead (0.300” Wide) Molded Small Outline Package, JEDEC (S) 
NS Package Number M24B 


LEAD NO 1 
IDENTIFICATION 


a 
O32 TYP ALL LEADS 


8° MAX =<) 


00 ALL LEADS 


3 
0.0780 TYP ALL LEADS 
40 M24B (REV F) 


re 
i. ELOLLOE 
0.029 


ALL LEAD TIPS an 
T. 
0. 





Physical Dimensions 


20 Lead Molded Shrink Small Outline Package, EIAJ, Type Il (MSA) 
NS Package Number MSA20 


0.20 0.05 
L/F THICKNESS 


4° 5° 
TYP 


0.304 0.10 ell ie . z raps 0.15 
; . OF MSA20 (REV A) 


24 Lead Molded Shrink Small Outline Package, ElAud, Type II (MSA) 
NS Package Number MSA24 


0.204 0.05 
L/F THICKNESS 


4° 3° 


elas: eo 0.60 eel I 
TYP 


MSA24 (REV A) 
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48 Lead (0.300” Wide) Molded Shrink Small Outline Package, JEDEC (S) 
NS Package Number MS48A 


0.620 - 0.630 


[15.75 - 16.00] 


LEAD #1 


1 
0.008 - 0:30) Typ 


[0.21 - 0.30 


-O-} 0.010[0.25] @ foJA@ | BO | 


0.096 - 0.108 
[2.44 - 2.74] 


0.025 
[o.64] ‘YP 


0.395 - 0.420 
[10.04 - 10.66] 


LO] 0.010[0.25] [DJA@ [BO | 


0.291 -0.299 
[7.40 -7.59] 


0.005 - 0.009 
[0.13 ~ 0.22] 


24° 
0.025 GAUGE PLANE 
[0.63] "YP a, Soan t a 


[0.25] 0.020 ~ 0.040 
(0.51 - 1.01] 


DETAIL E TYP 


450 0:015~ 0.025 
0.39 - 0.63 
SEATING PLANE l ] 


A la DETAIL E 
| CQ] 0.004[0.10] 


0.008 - 0.016 


[0.21-0.40] TYP 


NS48A (REV A) 


56 Lead (0.300” Wide) Molded Shrink Small Outline Package, JEDEC (SS) 
NS Package Number MS56A | 


0.720 - 0.730 
[18.30 - 18.54] 


LEAD #1 


1 
0.008-0.012 Balle 


[0.21 - 0.30] 


1] 0.010[0.25) @ [ofA OQ [8Q | 


0.096 - 0.108 
[2.44 - 2.74] 


29 


0.395- 0.420 
[10.04 - 10.66] 


LO} 0.010[0.25] ]O] A @ [8@ | 


0.291-0.299 
[7.40 - 7.59] 


0.005 - 0.009 


0.025 ' Shine 0.22] 
[0.63] GAUGE pane 
0.010 is ia & 


[0.25] 0.020-0.040 - 
[0.51- 1.01] 


DETAIL E TYP 


SEE DETAIL E 
Ly 


| DJ 0.004[0. 10) | 


0.015 -0.025 
45°Xx [0.39 - 0.63] 
SEATING PLANE 


0.008 - 0.016 


[0.21-0.40] YP 


MSS56A (REV A) 
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imensions 


Physical D 


14 Lead (0.300” Wide) Molded Dual-in-Line vee (P) 


NS Package Number N14A 


0,740—0.770 
(18.80 — 19.56) 


0.092 0.030 MAX 
(2.337) (0.762) DEPTH 


OPTION 1 


0,135 +0.005 
(3-429£0.127) 
0.145 -0.200 
(3-683 — 5.080) 


0.020 


(0.508) 
MIN _0.125—0.150 


(3.175 — 3.810} 
0.014~0.023 1yp__ || 


(0.356 —0.584) —» 
0.050+0.010 
(1.270 -0.254) 0.325 | 015 


___ 





[ 
0.100 +0.010 
{2.540 + 0.254} We: 


0.090 
(2.286) 


0.25040.010 
{6.350 £0.254) 


PIN NO. 1 
IDENT 


OPTION 02 


0.300-0.320 
(7.620—8.128) 0.065 


| (1.651) 


Ft 


0.280 
(7.112) —> 
MIN 


4° TYP 
OPTIONAL 


0.008 —-0.016 
90° +4° TYP (0.203 —0.406) 
0.075 +0.015 
(1.905 £0,381) 





+0.040 


(0.25532) 


N14A {REV F) 


20 Lead (0.300” Wide) Molded Dual-in- Line pageegs (P) 


NS Package Number N20A 


0.092 x 0.030 
(2.337 X 0.762) 
MAX OP 


PIN NO. 1 IDENT 


a OPTION 1 
MIN 
0.300-0.320 
(7.620-8.128) 


0.065 (1,524) 
. TYP 


—- 


95% 5° 


0.325 0.01 15 


41.016 
(t2s5 ae) 


0,009-0.01 
(0.229-0.381) 
TY 


(1.524 + 0.127) 





Pp 0.1004 0.010 
0.060 +0.005 (2.540 0.254) 


1.013-1.040 


(25.73-26.42) 


0.032 0.005 


(0.813 £0.127) 
AD 
0.260 +0.005 ‘i 


(6.604 +0.127) 





OPTION 2 


OPTION 2 


4° (4X) 0.130 0.005 


(3.302 0.127) 


0.145-0.200 
(3.683—5.080) 


90° 0.004° 


pases) cates 


(0.45720. 176) 


0.020 
0.125-0.140 (0.508) 
(3.175-3.556) MIN 


N20A (REV G) 
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20 Lead (0.300” Wide) Molded Dual-in-Line Package (P) 
NS Package Number N20B 


0.970-0.990 


0.092 Xx 0.030 (24.638-25.146) 


(2.337 X 0.762) 0.032 +0.005 
MAX OP Lie} fre] fr7]_ [8] oe) fos] Pe) (0.813 20.127) 
RAD 


PIN NO, 1 IDENT i sinteeiokNy 
(6.096~6.604) 
0.280, san 1 Es 


(7. (7.112) 
MIN 
0.290-0.325 


(7.366-8.255) 
{ 0.060 Bask OPTION2 0.130 0.005 
4° (4X) Bl abe 

(3.302 0.127) 


OPTION 2 


0.145-0.200 
{ (3.683-5.080) 


97.6° £7.5°\\ 0.008-0.015 90°: 0.004° 
(0.203-0.381) 0.020 


0.100+0.010 | | 0.125-0.150 (0.508) 
0.040 om (2.540 +0.254) 0.014-0.023 || 3.175-3.810) MIN 
(1.076) (0.355-0.585) 


N20B (REV A) 


24 Lead (0.600” Wide) Molded Dual-in-Line Package (P) 
NS Package Number N24A 


1.243-1.270 
(31.57-32.26) 


0.540 +0.005 
(13.716 +0.127) 


DOTTED OUTLINES 
REFLECT ALTERNATE 
0.580 MOLDED BODY CONFIGURATION 


(14.73) 
MIN 0.030 
(0.762) 0.075 
0.600-0.620 MAX (1908) 0.060 Bixcctiiot 0.160 +0.005 


a= 5.24—15.748) | (1.524) : (4.064 £0.127) 


0.170-0.210 
(4,318—-5.334) 


gid aaa 
0.625 +0.025 (0.229-0. 


0.015 0.075 +0.015 0.018 +0 ——— 

|+-—. ———— —-| ———_—_—_ ——————__ 9. 425-0.140 (0.281) 

(15875 ay (1.905 +0.381) 0.100 aur (0.457 +0. a EET MIN 
, (2.540 +0.254) 


N24A (REV E) 
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Physical Dimensions 


24 Lead (0.300” Wide) Molded Dual-in-Line Package (P) 
NS Package Number N24C 


1.243 -1.270 
0.092 (31.57 —32.26) 
(2.337) MAX 

(2 PLS) 


0.260. 0.005 
(6.604 + 0.127) 


EJECTOR PINS 


0.300 —0.320 OPTIONAL 


(7.62 —8.128) 


0.130+ 0.005 
(3.302 0.127) 


0.020 0.200 


(0.508) Pat A ad eth tal 
e MIN (3.683 — 5.080) 


0.009 —0.015 


(0.229 —0.381) 0.085 
(1.651) 


: 0.125 —0.145 
(7.112) | | 0,018 +0.003 | | “(3.175 —3.556) 
+0.040 : 0.075+0.015 3 Ptah atin 
0.325 oS MIN 
a0. 015_ (1.905 £0.381) eel sere 


(8.255 cin) 0.100+0.010 90°+4° TYP 
ay (2.54 40.254) 
TYP 


N24C (REV F) 


28 Lead Molded Plastic Leaded Chip Carrier (Q) 
NS Package Number V28A 


0.450-0.456 
[11.43-11.58] 


# 
PIN #1 IDENT. 0.013-0.021 


; P 
0.026-0.032 [0.33-0.53]} 
[0.66-0.81] ne { 


0.390-0.430 
[9.91-10.92] 


0.020 
MIN TYP 
[0.51] 
0.090-0.120 ryp 


[2.29-3.05] 
0.165-0.180 typ 


[4.19-4.57] 


cloctenleetnll 
0.045 
[1.14] 


0.485-0.495 tp 
[12.32-12.57] V28A (REV J) 


45° X 
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100 Lead (14mm x 14mm) Molded Plastic Quad Flat Package; JEDEC (F) 


NS Package Number VJG100A 


16.00 + 0.40 
014.00 + 0.10 


50 
= ie 0.50 TYP 


0.50 40.20 


0.125 + 0.050 TYP 


120 Lead Plastic Quad Flatpack (F) 


NS Package Number VQD120A 


PIN #1 IDENT 


0.35 + 0.10 TYP 0.80 + 0.15 TYP 


Gf 


0.15 + 0.05 TYP 


SEE DETAI 
a ae LA 





028.0 + 0.1 
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DETAIL A 
TYPICAL VJG100A (REV. B) 


pata 

so N [610.10] 
SEATING 
PLANE 


DETAIL A 
“TYPICAL -—«-YQD120A (REV A) 
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Imensions 


Physical D 


20 Lead Cerpack (F) . 
NS Package Number W20A 


0.090 MA 
0.060 r 0.540 MAX . 
0.040 
0.050 £0.00 . ; 
lar 0.030 5 5 ae 0.005 MIN TYP 


TY 1 | 
TYP P 420 


0.285 MAX 
GLASS 


0.012 
0.008 


i =| 
Fe 
a DETAIL A 
DETAIL A ? 


PIN #1 
IDENT 


0.019 tp \L 


0.015 W20A (REV £) 


24 Lead Cerpack (F) 
NS Package Number W24C 


0.625 


0.090 
0.060 0.590 
B 040° 0.050 40.005 0.005 MIN TYP 
To. 030 3 
0.015 
0.008 
0. Le MAX ff) one TF 
.015 is ais 
0.008 
SEE ‘ 
DETAIL A 


0.045 MAX w24C (REV E) 
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FDDI Overview ¢ DP83200 FDDI Chip Set ¢ Development Support ¢ Application Notes and System Briefs 


F100K ECL LOGIC DATABOOK & DESIGN GUIDE—1992 


Family Overview © 300 Series (Low-Power) Datasheets ¢ 100 Series Datasheets ¢ 11C Datasheets 
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IBM Data Communications ¢ Application Notes 


INTERFACE: LINE DRIVERS AND RECEIVERS DATABOOK—1992 


ElA-232 ¢ EIA-422/423 e ElA-485 ¢ Line Drivers ¢ Receivers ¢ Repeaters © Transceivers ¢ Application Notes 


LINEAR APPLICATIONS HANDBOOK—1991 
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Individual application notes are normally written to explain the operation and use of one particular device or to detail various 
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